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Introduction 
The dominant theme of the 1995 BALR Summer Meeting, held at Heriot-Watt University, Edinburgh, is 
the effects of fibres on the lung. Following the epidemic of disease arising from exposure to asbestos fibres in 
the early part of this century, the majority of Western countries effectively banned its use. However, the 
valuable properties of fibres in industry, construction and technological applications has meant that there 
is continuing large-scale development of alternative fibrous materials for insulation purposes and for new 
high performance applications. These developments have been accompanied by the ever-present spectre 
that another wave of lung disease, such as that seen with asbestos, might accompany the use of these 
newer fibres. 
Despite the relatively huge body of research into asbestos bio-effects, from the epidemiological to the 
molecular, a clear understanding of the factors that determine fibre toxicity has been peculiarly elusive. 
Important strides have been made, but conflict and disagreement between scientists as to the risks associated 
with different fibre exposures have been as evident as the agreements. This is no doubt related to the 
mineralogical differences between samples of the minerals that were called asbestos, as well as to the variation 
in their size. From the point of view of the experimentalists, this problem was met to some degree by the UICC 
standard samples, although the shortness of some of these samples confounded early work. Now that 
attention has switched, to a large extent, to the man-made fibres, the same problems are faced. The TIMA 
fibre repository has provided a bank of man-made fibres analogous to the UICC samples and these are being 
used in an increasing number of studies. As far as can be ascertained, the factors that contributed to the 
pathogenicity of asbestos are important for man-made fibres - respirability, length, durability and chemistry. 
However, the relative importance of these factors, and whether their impact differs between fibre types, is not 
clear. At the experimental level, the major focus of this conference, the perceived importance of fibre 
durability currently dominates much of the debate. The idea that fibres can lose activity by ‘dissolving’ in the 
lung is an important one, but one that does not provide an explanation for differences between pathogenic 
potencies of fibres in some studies. Further research is needed to justify the importance placed on durability, 
to refine the definition of this complex process and find agreed ways to measure it. At the cell level, the effect 
of fibres in causing gene expression and cell activation has largely replaced the emphasis on cell death and 
damage that dominated much research into asbestos. The factors that dictate the differences between fibres in 
causing gene transcription are the target for the future and will underlie, hopefully, a new generation of 
molecular toxicology techniques that can be applied to new fibres. Such tests are much needed at a time when 
lifetime inhalation pathology studies of high quality are prohibitively expensive. The 1995 Summer Meeting 
touches on, or directly addresses, all of these areas of fibre research, including the presentation of the results 
from a major research effort into fibres, the Colt Fibre Research Programme, carried out at the Institute of 
Occupational Medicine over the last 5 years. The idea of a ‘new perspective’, as embodied in the title of the 
meeting, is an accurate description of the constantly changing perception of fibres in the lung that science has 
provided over the last few years. 
The 1995 BALR Summer Meeting was generously supported by the following companies, and 
organizations -The Colt Foundation, The Institute of Occupational Medicine, Ciba Geigy, Allen and 
Hanburys, Dynatech Laboratories, ARC0 East Scotland. 
K. DONALDSON 
Napier University 
Edinburgh EHIO 5DT 
Scotland. U.K. 
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BALR Young Investigator Competition 
Differential TGFP isoform gene expression during bleomycin-induced lung fibrosis 
Transforming growth factor /$ (TGFP,) has been implicated in the pathogenesis of idiopathic pulmonary 
fibrosis. TGFP, gene expression and protein synthesis increase in animal models of lung fibrosis, but the role 
and localization of the other TGF/I isoforms remain unclear. We have previously shown that TGFB isoforms 
1, 2 and 3 (TGFP,,,,,) stimulate procollagen production in vitro. In this study, TGFP and TGFJ? gene 
expression in an animal model or lung fibrosis were examined. Mice received intratracheal bleomycin or saline 
and lungs were examined at 3, 10, 21 and 35 days. Digoxigenin-labelled riboprobes were synthesized from 
cDNA probes specific for each TGFP isoform. In situ hybridization was performed on paraformaldehyde- 
fixed sections. Results show that both TGFB, and TGF@, mRNA were present in normal mouse lung. 
Gene expression was most marked in bronchial epithelial cells, including Clara cells, but was also seen in 
alveolar macrophages. Following bleomycin, TGFB, gene expression was enhanced in several cell types 
including alveolar macrophages, monocytes, lymphocytes, neutrophils and epithelial cells. Increased 
TGFP, gene expression was most marked after 10 days, when signal was predominant in inflammatory 
cells. In contrast, TGFB gene expression appeared reduced 3 and 10 days after bleomycin and little signal 
was discernible in either the epithelium or in inflammatory cells. At 3.5 days there was a return towards the 
control pattern of gene expression and gene expression for both isoforms was again most striking in 
epithelial cells. These findings support a role for TGFP, in the pathogenesis of bleomycin-induced lung 
fibrosis in mice, and localize TGFB, and TGFfi, gene expression to several cell types. They also show that 
the two isoforms are differentially expressed during the course of the disease, suggesting that they may play 
different roles in the pathogenesis of pulmonary fibrosis. This work was performed with the support of the 
Wellcome Trust. 
R. K. COKER*, R. J. MCANULTY*, N. A. HERNANDEZ-RODRIGUEZ~, 
P. K. JEFFmy?, S. SHAHZELDL* AND G. J. LAURENT* 
*Centre for Respiratory Research 
University College London Medical School, and 
tLung Pathology 
National Heart and Lung Institute 
London, U.K. and 
$Division de Znvestigacion Clinica 
Znstituto National de Cancerologica 
Mexico City, Mexico 
Fs pulmonary antioxidant status a predictor of ozone-induced inflammation? 
Inbred murine strains demonstrate significant variation in their inflammatory response to ozone. This 
differential response appears to be genetically governed, and a debate exists as to whether this is manifest as 
differences in breathing pattern, or in pulmonary tissue sensitivity to ozone between strains. As ozone is a 
powerful oxidant, and is thought to mediate many of its toxic effects through free radical mechanisms, we 
investigated whether the antioxidant status of the epithelial lining fluid (ELF) and of the lung itself influenced 
this differential inflammatory response. Two inbred murine strains - balblc and C3H (male, 5 weeks) ~ were 
exposed, in specially designed chambers, to either 0.3 ppm ozone or filtered air for a 48-h period with free 
access to food and water throughout. Mean body weights increased over this 48-h period indicating that both 
sets of mice tolerated the ozone exposure well. On removal from the chamber, mice were anaesthetized, 
bronchioalveolar lavage (BAL) performed, and lung tissue excised. Bronchioalveolar lavage fluid (BALF) was 
assessed for the infiltration of PMNs and total protein as markers of inflammation and epithelial injury, 
respectively. The water soluble antioxidants - reduced glutathione, ascorbic acid and uric acid - were 
determined in both lung tissue and BALF. 
Ozone-exposed balb/c mice demonstrated significant (PcO.05) increases in all markers of inflammation 
examined. The total number of recovered leucocytes in BALF and whole blood were significantly increased 
from 4.7 x lo4 to 7.2 x lo4 cells ml- i, and 1.5 x 10h to 1.7 x 1 O6 cells ml ~ ‘, respectively. The proportion of 
neutrophils in BALF increased from 0.14% of total leucocytes in the air-exposed group to 1.67% in 
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ozone-exposed mice. Furthermore, increased epithelial permeability was also observed in balb/c mice: BALF 
protein increased from 0.15 mg ml - ’ (air) to 0.23 mg ml - ’ (ozone). These parameters were unaltered in the 
C3H ozone-exposed group compared with their respective controls. Despite the clear dichotomy between these 
two phenotypes - ‘sensitive’ and ‘resistant’ - no significant differences in the concentrations of BALF and lung 
tissue antioxidants could be detected between air and ozone-exposed groups. Furthermore, the concentrations 
of BALF antioxidants were significantly lower in C3H mice compared with balblc, even though the latter 
displayed the sensitive phenotype. From this study we conclude that ELF antioxidant status is not predictive 
of the degree of pulmonary inflammation seen after 48 h continuous exposure to ozone. 
I. MUDWAY AND F. J. KELLY 
Cardiovascular Research 
The Rayne Institute 
St Thomas’ Hospital 
London SE1 7EH, U.K. 
Products from Aspevgillus fumigatus spores inhibit transcriptional activation of cytokine genes 
The spores of Aspergillus jiimigatus have a survival advantage over other respirable fungal spores in the 
lung. We have hypothesized that a component of the spore surface can inhibit the activation of alveolar 
macrophages, known to play an essential role in immune regulation in the lung. 
A diffusible product from the spores of A. fumigatus (AfD) inhibited the production of TNFa protein by rat 
alveolar macrophages in an ELISA assay. Using a semi-quantitative RT-PCR, we also demonstrated a potent 
inhibitory effect of AfD on the production of pro-inflammatory cytokine transcripts in rat alveolar 
macrophages. The inhibition occurred at the level of transcription, with AfD inhibiting the synthesis of TNFa 
and IL-6 specific mRNA transcripts. No effect was seen on the synthesis of IL-l/? cytokine transcripts or on 
the expression of the housekeeping gene p-actin. Furthermore, AfD specifically inhibited the activation of 
nuclear transcription factors NF-KB and AP-1, both of which are required for the co-ordinate upregulation 
of transcription of the pro-inflammatory cytokines TNFa, IL-l/3 and IL-6. We conclude that the spores of 
A. fumigatus can inhibit normal alveolar macrophage responses by selectively inhibiting the production of key 
inflammatory cytokines, and that the inhibition is at the level of transcriptional activation. 
W. J. NICHOLSON, J. SLIGHT AND K. DONALDSON 
Biotechnology and Biomedical Research Group 
Department of Biological Sciences 
Napier University 
Edinburgh EHlO 5DT 
Scotland, U.K. 
Fibres, Particles and the Lung: Part I 
Positive and negative evidence: a comparison of asbestos and MMMF epidemiology 
The adverse health effects of asbestos were reported from almost the earliest years of its use on an industrial 
scale (reports from France and U.K. around the turn of the century). Although, tragically, it took many years 
for these observations to be put on a systematic basis, when such studies did appear (Doll’s study of Rochdale 
textile workers in 1955, Wagner’s reports of mesothelioma from the Cape crocidolite mines in 1960), they 
quickly convinced the majority of readers that asbestos exposure carried real risks. These early studies have 
been followed by a very large number of further studies on the human health effects of asbestos, which have 
slowly advanced our knowledge to the stage where we have at least a qualitative understanding of these effects, 
and even some basis for quantitative exposure-response estimates. The growing knowledge of these health 
risks, and the consequent regulatory pressure on asbestos use, has led to the gradual substitution of most uses 
of asbestos by other materials, most importantly by man-made mineral fibres (MMMF). The earliest report 
on the human health effects of exposure to MMMF was in 1975, and a recent (1995) review cites 11 cohort 
studies (five with nested case-control studies). In contrast to the evidence on asbestos, the MMMF 
epidemiology is generally unconvincing. Where apparent effects have been identified, they have been weak and 
inconsistent. The major studies have been criticized for inadequate control for potential confounding factors, 
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most importantly smoking and socio-economic status. The interpretative problem is whether the weakness of 
the evidence reflects a genuine absence of effect, or the lack of statistical (and methodological) power to 
demonstrate a small but real effect. A reasonable argument can be made that since the typical exposure to 
respirable fibres from MMMF is below 1 f ml ~ ‘, then (unless MMMFs are considerable more potent than 
asbestos) only small excesses of lung cancer would be expected. We are at the limits of what can be directly 
demonstrated from epidemiological data. Case-control studies with the best possible estimates of exposure 
levels, and with control for smoking and other potential confounders, offer the most promising line of attack. 
The IARC collaborative study of European MMMF plants is the only major study not to incorporate a nested 
case-control analysis, though such a study is now planned. 
J. T. HODGSON 
Epidemiology and Medical Statistics Unit 
Health and Safety Executive 
Magdalen House 
Bootle L20 3QZ, U.K. 
Chronic inhalation studies of man-made vitreous fibers 
Inhalation studies were conducted to determine the chronic biological effects in rodents of respirable 
fractions of different man-made vitreous fibers (MMVFs), including refractory ceramic fiber (RCF), fibrous 
glass, rock (stone) wool and slag wool. Animals were exposed nose-only, 6 h day- ‘, 5 days week - ‘, for 18 
(hamsters) or 24 (rats) months. Exposure to 10 mg m ~ 3 of crocidolite or chrysotile asbestos induced 
pulmonary fibrosis, lung tumors and mesothelioma in rats, thus validating the inhalation model with known 
human carcinogenic fibers. Exposure of rats to 30 mg m - 3 of refractory ceramic fibers (RCF) also resulted in 
pulmonary fibrosis as well as significant increases in lung tumors and mesothelioma. In hamsters, 30 mg m ~ 3 
of RCF induced a 41% incidence of mesotheliomas. Exposure of rats to 30 mg m- 3 of fiber-glass (MMVF 10 
or 11) or slag wool (MMVF 22) was associated with an inflammatory response, but no mesotheliomas or 
significant increase in lung tumors were observed. Rock wool (Stone wool: MMVF 21) at the same exposure 
level resulted in minimal lung fibrosis, but no mesotheliomas or significant increase in lung tumors were 
observed. Fiber numbers (WHO fibers) and dimensions in the aerosols and lungs of exposed animals were 
comparable in this series of inhalation studies. Differences in lung fiber burdens and lung clearance rates could 
not explain the differences observed in the toxicologic effects of the MMVFs. These findings indicate that dose, 
dimension and durability may not be the only determinants of fiber toxicity. Chemical composition and the 
surface physico-chemical properties of the fibers may also play an important role. 
T. W. HESTERBERG, W. C. MILLER, P. THEVENZA AND R. ANDERSON 
Mountain Technical Center 
Schuller International Inc 
Littleton 
CO 80127, U.S. A. and 
Research and Consulting Company 
Fiillinsdorf; Switzerland 
Recent advances in the cell and molecular biology of the pulmonary response to deposited fibers 
The mechanisms of fiber-induced carcinogenesis and fibrogenesis may involve both up- and down- 
regulation of genes which are critical to the pathogenesis of disease. Our laboratory has focused on the 
increased gene expression of early response proto-oncogenes (c-fos. c-&n, c-myc) in target cells of asbestos- 
induced tumors, i.e. epithelial cells of the respiratory tract and pleural mesothelial cells, both in vitro (Heintz 
et al., Proc Nat1 Acad Sci USA 1995; 90: 3299, Janssen et al., Am J Resp Cell Molec Biol 1994; 11: 522) and 
in lungs of rats after inhalation of crocidolite (Quinlan et al., Am J Resp Crit Care Med 1994; 150: 200) or 
chrysotile (Quinlan et a/., Am J Pathol, in press) asbestos. Over-expression of these genes transforms cells to 
malignant phenotypes (Timblin et aZ., Cancer Res 1995; 55: 2723) and may turn on critical intermediate 
response genes causing chronic cell proliferation, a feature of both carcinogenesis and fibrogenesis. We are 
also exploring related cell signalling pathways and transcription factors activated by asbestos and other 
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particulates in these cell types. Results to date suggest that asbestos fibers activate early response gene 
pathways by multiple routes involving both the Mitogen Activated Protein Kinase (MAPK) cascade and 
Nuclear Factor-kB (NF-kB) (Janssen et al., Proc Nat1 Acad Sci USA, in press). The redox status of the cell is 
critical to asbestos-induced responses (Janssen et al., Proc Nat1 Acad Sci USA, in press, Janssen et al., Cancer 
Res 1995; 55: 2085) suggesting the importance of oxidants generated extracellularly or intracellularly in 
proto-oncogene induction by asbestos (supported by grants from the National Institute of Environmental 
Health Sciences, the National Heart, Lung and Blood Institute, and the Environmental Protection Agency). 
B. T. MOSSMAN 
University of Vermont College of Medicine 
Burlington 
VT 05405, U. S. A. 
Acute pulmonary effects after low-level particle exposure: ultrafine particles as potential 
environmental health hazards 
Epidemiological studies have shown an association between particular air pollution and acute mortality and 
morbidity down to ambient particle concentrations below 100,ug m-j. Whether this association also implies 
a causality between acute health effects and particle exposure at these low levels is unclear at this time; no 
mechanism is known that would explain such dramatic effects of low ambient particle concentrations. There 
is, therefore, a need to (i) identify particle types which can plausibly explain a causality between low inhaled 
particle concentrations and acute mortality and morbidity, and (ii) to characterize underlying mechanisms of 
the acute response. So far, the potential of ultrafine particles (diameter ~50 nm) in causing health effects has 
been neglected since they are present at very low mass concentrations only, although their concentration by 
number can be very high. Our central hypothesis is that certain types of ultrafine particles occurring in the 
urban atmosphere may cause the observed acute effects. This hypothesis is based on our past and present 
studies showing that inhaled ultrafine particles have significantly greater pulmonary toxicity than larger-sized 
PM,, and PM,., particles. Our studies with freshly generated ultrafine Teflon’! particles show that they cause 
acute mortality in healthy rats when inhaled as singlet particles at low mass concentrations (- 50 pg m - ‘) for 
15 min. This extraordinarily high toxicity involves severe acute pulmonary haemorrhagic inflammation, and 
our most recent studies with diseased animals indicate that they react even more sensitively to these ultrafine 
particles showing effects at levels down to w 10 pug m - 3. Of importance is that these particles are inhaled as 
singlets and that they are freshly generated. We performed a number of studies to elucidate mechanisms of this 
acute lung injury by determining expression of pro-inflammatory mediators and antioxidants, and evaluating 
particle disposition (EELS technique) and lung morphology. We found IL-la, IL-6, TNF-a, iNOS, MnSOD 
and metallothionein to be upregulated, whereas VEGF was downregulated in the acute phase of injury. The 
ultrafine particles translocated rapidly to epithelial, interstitial and endothelial sites, causing severe damage 
including membrane injuries and cell necrosis. Our data are consistent with the following hypothesis: Inhaled 
singlet ultrafine particles depositing in the alveolar region of the lung penetrate rapidly into the interstitium 
and interact with alveolar epithelial, interstitial and endothelial cells thereby inducing pro- and anti- 
inflammatory mediators. Large numbers of activated PMNs elicited into the lung cause extensive oxidative 
lung injury. As a result, pulmonary antioxidant proteins are upregulated. Thus, we conclude that ultrafine 
particles when inhaled as singlet particles - i.e. very low mass concentrations but high number 
concentrations - occurring in the ambient atmosphere may provide a biologically plausible explanation for the 
observed epidemiological data. Singlet ultrafine particles are indeed always present in the urban atmosphere, 
since they are always freshly generated (e.g. combustion processes, tailpipe emissions, gas to particle 
conversions) and can be highly reactive. 
G. OBERD~RSTER*, J. FINKELSTEIN*, J. FERIN* AND J. GODLESKI~ 
*University of Rochester 
Department of Environmental Medicine 
Rochester, NY and 
tHarvard School of Public Health 
Boston 
MA, U.S.A. 
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Examination of the involvement of intracellular calcium in crocidolite-induced formation c-fos and 
transcription factors in target cells of the lung and pleura 
Occupational exposure to asbestos fibres has been causally linked to the development of pulmonary fibrosis, 
bronchogenic carcinomas and mesotheliomas. Evidence has now accumulated implicating oxygen radicals in 
fibre toxicity. Asbestos fibres cause persistent and dose-dependent increases in c-fos and c-&n expression in 
hamster tracheal epithelial (HTE) cells and rat pleural mesothelial (RPM) cells, the progenitor cells of 
asbestos-induced malignancies. These increases are accompanied by increases in AP-1 DNA binding 
activity. There is also much evidence to implicate both oxygen radicals and increases in cytosolic calcium 
concentrations in cellular toxicity in vitro. 
In the present study, we have investigated if intracellular calcium plays a role in c-fos induction by crocidolite 
asbestos at fibre concentrations that induce cell proliferation. RPM and HTE cells were incubated with 
crocidolite (5 pg cm - 2, for 8 h, or thapsigargin (Tg), an inhibitor of the Na’K’-ATPase in the endoplasmic 
reticulum promoting increases in intracellular calcium levels (Tg: 10 YM), for 1 h at 37°C in the presence and 
absence of the intracellular calcium chelator, Quin-2 (10 or 20 yM, respectively). Following incubations, total 
RNA was isolated from RPM cells for Northern blot analysis of c-fos mRNA and in subsequent incubations, 
nuclear proteins were isolated from RPM and HTE cells for gel mobility shift assays of AP-1 and CREB DNA 
binding. The latter is known to be responsive to changes in intracellular calcium and is situated in the promoter 
region of C-$X. Crocidolite and Tg increased c-fos mRNA expression above background in RPM cells. Quin-2 
ameliorate c-fos induction by Tg but had no effect on c-fos induction by crocidolite in these cells. Addition of 
Tg 1 h before treating RPM cells with crocidolite increased the message above that seen with crocidolite alone. 
Crocidolite, but not Tg, increased AP-1 and CREB in both RPM and HTE cells. Crocidolite-induced AP-1 
and CREB DNA binding activities in these cells were not reduced in the presence of Quin-2. In conclusion, 
these results suggest that c-fos induction by Tg, but not crocidolite, is dependent on intracellular calcium. 
Thapsigargin increased induction of c-fos following crocidolite may indicate different mechanisms of c-f&r 
induction by these agents. 
s. P. FAUX*, Y. M. W. JANSSENt, J. TORINOt, C. R. TIMBLINt, 
T. R. QUINLANt AND B. T. MOSSMANt 
*Institute of Occupational Health 
University of Birmingham 
Edgbaston 
Birmingham B15 2 TT, U.K. and 
TDepartment of Pathology 
University of Vermont College of Medicine 
Burlington 
VT 05405. US. A. 
Fibres, Particles and the Lung: Part II 
Methods of determining and predicting the pathogenicity of mineral fibres 
Most authors consider that long-term inhalation studies represent the most reliable method of obtaining 
data on the pathogenicity of mineral fibres. However, because of the length of time required and the great cost 
of inhalation work, other methods of examining the biological effects of mineral fibres have been used. The 
programme of work described was designed to compare a wide range of techniques, including inhalation, for 
determining the biological effects of a selection of man-made mineral fibres. Silicon carbide whiskers were 
examined as a very durable material and also a glass microfibre (Code 1001475). Amosite asbestos was used 
as a positive control. 
Long-term inhalation studies with full lifespan follow-up demonstrated that amosite and silicon carbide 
were both fibrogenic and carcinogenic in rats, while glass microfibre produced very little fibrosis and a few 
benign pulmonary tumours in numbers similar to those found in controls. Silicon carbide was unusual 
in that most of the tumours produced were pleural mesotheliomas. Early effects of the fibres were 
examined after a short period of inhalation, and the pathogenic dusts amosite and silicon carbide were found 
to produce rapid pulmonary inflammation as determined by the presence of significant numbers of neutrophils 
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in pulmonary lavage fluid. Little pulmonary inflammation followed the inhalation of glass microfibre. 
Similarly amosite and silicon carbide inhalation were found to cause a rapid increase in the rate of proliferation 
of broncheolar lining cells, while the rate of cell division in animals treated with microfibre remained normal. 
When injected into the peritoneal cavities of rats, all three fibre types produced mesotheliomas although the 
glass microfibre produced many fewer and these took much longer to develop. An examination of early 
inflammation in the peritoneal cavity following injection showed little difference between the fibre types, all of 
which caused abnormal numbers of neutrophils in peritoneal fluid. 
Fibre durability was examined both in viva and in vitro. Following inhalation it was found that many fewer, 
very long glass microfibres remained in rat lung after 12 months inhalation than amosite or silicon carbide. 
Subsequently, however, amosite and microfibre were removed from the lung at similar rates for all fibre 
dimensions in contrast to silicon carbide fibres where clearance was much less. When dust was administered 
by intratracheal injection, these differences in fibre removal from lung tissue were much less marked. An 
examination of the in vitro solubility of fibres and their chemical composition after extraction from lung tissue 
demonstrated that glass microfibre showed significant leaching, while amosite showed much less and silicon 
carbide showed almost no change in chemical composition. The possibility of using short-term in vivo and 
in vitro tests to provide a screening system to eliminate the need for some of the longer and more expensive 
procedures is discussed. 
J. M. G. DAVIS, K. DONALDSON, D. M. BROWN, R. T. CULLEN, 
A. D. JONES, B. G. MILLER, C. MCINTOSH AND A. SEARL 
Institute of Occupational Medicine 
Roxburgh Place 
Edinburgh EH8 9SU 
Scotland, U. K. 
Short-term biological studies on respirable fibres 
The aim of these studies was to determine the usefulness of a range of short-term tests of biological response 
in discriminating between respirable fibres of different pathogenicity. 
The fibres used in the studies are described in the table below. 
Mouse Cell 
Fibre BAL BRDU perit. tests 
Long amosite (/ (/ (/ c/ 
Code 100/475 glass microfibre (/ (/ (/ (/ 
Silicon carbide (ACMC) (/ d d (/ 
Silicon carbide (3M) X X d (/ 
RCFs 1, 2, 3 and 4 X X d (/ 
MMVFs 110, 11, 21 and 22 X X I/ I/ 
/, assay carried out, X, insufficient fibre for inhalation studies. 
The assays used, as indicated in the table, were: BAL, bronchoalveolar lavage inflammatory profile; BRDU, 
proliferation as shown by incorporation of bromodeoxyuridine; mouse perit., inflammation in the mouse 
peritoneal cavity; cell tests, toxicity to macrophages, macrophage release of tumour necrosis factor (TNF) and 
detachment of epithelial cells. BAL and BRDU studies were carried out on rats exposed by inhalation. 
Cell tests generally failed to give clear discrimination between the fibres. The mouse peritoneal 
inflammation assay showed all fibre types to have approximately the same amount of ability to cause 
inflammation. However, treatment of the fibres in buffer to mimic residence in the lung caused loss 
of inflammogenic potential with some fibre types and not with others. The short-term tests in rats 
inhaling fibres revealed the following: BAL yielded an increase in inflammatory parameters with all 
four fibres, with no clear discrimination of Code 100/475 fibres from the others, despite it being a 
non-pathogenic fibre; BRDU incorporation in the terminal bronchioles and proximal alveoli clearly 
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discriminated between Code 100/475 and more pathogenic fibres. The results point to rational strategies for 
in vitro testing of fibres. 
K. DONALDSON*, J. SLIGHT, B. G. MILLER, R. T. CULLEN AND D. M. BROWN 
Institute of Occupational Medicine 
Roxburgh Place 
Edinburgh EH8 9SU 
Scotland, U. K 
*Current address: Napier University, Edinburgh 
Biopersistence of nine types of respirable fibre following intratracbeal instillation into rat lungs 
The biopersistence of fibres in lung tissue is believed to be an important control on the relative toxicity of 
different fibre types. The biopersistence and durability of nine types of fibres were tested by the intratracheal 
instillation of 1 mg doses of each in rat lungs. The test fibres were amosite, MMVFlO (insulation wool glass), 
MMVF21 (rock wool), MMVF22 (slag wool), RCFl (kaolin refractory ceramic fibre), RCF2 (zirconia-kaolin 
refractory ceramic fibre), RCM (a heat-treated form of RCFl), code 100/475 special purpose glass microfibre 
and silicon carbide whiskers. Animals were killed at 3 days and 12 months after injection and the recovered 
lung burdens analysed by electron microscopy. There was a marked difference between the relative 
biopersistence of the nine fibre types with respect to total lung burden and the relative durabilities of the long 
(‘20pm) fibres. The most important factor governing the reduction in total lung burden was the proportion 
of fibres initially within the macrophage size range, and fibre removal largely occurred through macrophage- 
mediated clearance. Macrophage-mediated clearance was not equally effective for all fibre types: the amosite 
appears to have been particularly efficiently cleared whereas the RCFs appear to have undergone relatively 
little macrophage clearance. In addition, very short fibres appear to have been more readily cleared than 
longer fibres of the same composition within the macrophage size range. The diameter data for several fibre 
types suggest that dissolution has occurred, but fibres ‘disappear’ without passing through the finest size 
range. The length data show that disappearance of long fibres is coupled with a greater degree of retention of 
the shorter fibres than observed for fibre types for which there is little or no clearance of long fibres. These 
data suggest that the most important mechanism in the removal of long fibres is breakage into shorter 
fragments that are more easily removed by macrophages. The relative durability of the long fibres of the 
various fibre types is readily explained by differences in their chemical and mineralogical structure and in the 
solubility of their component oxides. Breakage appears to result from the partial dissolution of fibres that 
contain a high proportion of alkali and alkali earth metals. Comparison with other published biopersistence 
studies suggest that while the rate of reduction of total lung burden is heavily dependent on dose, the rate 
of reduction in the number of long fibres appears to be less dependent on dose and more directly related to 
fibre durability. 
A. SEARL, D. BUCHANAN, R. T. CULLEN, C. MCGONAGLE AND R. MCCUE 
Institute of Occupational Medicine 
Roxburgh Place 
Edinburgh EH8 9SU 
Scotland, U. K. 
Dissolution of fibres in sodium oxalate: assessment of a simple in vitro dissolution assay 
Fibre durability is believed to be an important determinant of hazard, and a number of assays have been 
developed to measure durability. Most recently developed test systems have used complex salt solutions to 
simulate physiological fluids and have maintained fluid chemistry by pumping the fluid through the test 
cells of fibres (continuous flow-through tests). These experiments are difficult to perform satisfactorily and 
the data are extremely sensitive to small changes in experimental parameters. The aim of this study was to 
assess the utility of a much simpler static dissolution assay, and to compare the results with biopersistence 
data from concurrent intratracheal injection experiments with rats over 12 months and other published 
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in vitro and in vivo dissolution data. Sodium oxalate was selected as a simple salt that would be 
more representative of lung fluids than other simple salts. Two sodium oxalate solutions were tested: one 
with an initial pH of 4.6 to reproduce the intracellular environment and one with an initial pH of 7.0 to 
reproduce extracellular conditions. The test fibres were MMVFslO and 11 (wool glass), MMVF21 (rock 
wool), MMFV22 (slag wool), RCFs 1, 2 and 3 (refractory ceramic fibres), RCF4 (heat-treated RCFl), 
code 100/475 glass microfibres, an E glass, silicon carbide whiskers and amosite. The relative durability 
of these fibre types in sodium oxalate can be explained by differences in chemical structure and 
composition. Estimated dissolution constants from the sodium oxalate experiments are of the same order of 
magnitude as published values from more complex studies. There was also a good correspondence between 
dissolution constants estimated from the sodium oxalate experiments and similar values estimated for 
long fibres in the animal biopersistence experiment. The disappearance of some long fibres of inter- 
mediate durability from rat lungs, however, is more rapid than expected from the sodium oxalate data or 
published in vitro studies. This reflects the importance of breakage as a mechanism for removing fibres 
from the longer size classes. The static sodium oxalate test is likely to be readily reproducible and the 
value of such simple test systems should not be overlooked in current initiatives to harmonize in vitro 
dissolution assays. 
A. SEARL, R. T. CULLEN AND R. H. PORTEOUS 
Institute of Occupational Medicine 
Roxburgh Place 
Edinburgh EH8 9SU 
Scotland, U.K. 
Fibres, Particles and the Lung: Part III 
Physiologically-based modelling of fibre clearance in chronic inhalation studies 
The aim was to elucidate the mechanisms governing clearance of inhaled fibres from the lung by developing 
a physiologically-based mathematical model to describe clearance of particles in general and, more 
specifically, fibres. Parameters relevant to clearance in general in the model were derived from studies at the 
IOM and in the literature. The model was developed and tested with fibre data (from chronic inhalation 
studies with MMVFlO and RCFl at RCC) consisting of lung burdens with fibre size distributions for rats 
taken at intervals from exposure [at 3, (also 9 for RCFl), 16, and 30 mg m ~ 3], thus giving the accumulating 
lung burden during exposure up to 104 weeks. Additionally, rats were held after exposure to give data for 
post-exposure clearance. 
The model accounts for (i) phagocytosis and clearance of fibres by alveolar macrophages; (ii) dissolution 
of free fibres in the extracellular lung fluid; (iii) breakage of long fibres; (iv) interstitialization of free fibres; 
(v) phagocytes of fibres by interstitial macrophages; and (vi) transfer of fibres from the interstitium to the hilar 
lymph nodes. 
For MMVFlO fibres, our analysis shows: (i) a lung-burden dependent retardation of clearance at 16 and 
30mgm -3, in accordance with the ‘overload’ concept; (ii) a consistent pattern of diameter reduction at all 
concentrations, attributable to fibre dissolution; and (iii) faster disappearance of long fibres (>20pm) than 
short fibres (<20/.~m). The simulations show that short MMVFlO fibres were cleared at the same rate 
(approximately 1.5% of lung burden per day) as an ‘inert’ dust. The rapid long fibre clearance was due to 
breakage into short fragments (5510pm) and then removal by alveolar macrophages. 
For RCFl fibres, there were both contrasts and similarities to the MMVFlO: (i) slower clearance in the 
absence of overload (at 3.mg m-3), which may be attributable to cytotoxicity; (ii) similarly to MMVFIO, 
clearance became retarded at the higher airborne concentrations of 9, 16 and 30 mg rn- 3; (iii) unlike 
MMVFlO, no pattern of consistent diameter reduction at any concentration (compatible with slow in vitro 
dissolution of RCF); (iv) similarly to MMVFlO, a fast rate of disappearance of long fibres (compared to short 
fibres) attributable to fibre breakage into fragments of length between 5-10 pm. The slower clearance rate of 
short fibres of RCFl (than for MMVFlO) was simulated by a lower rate of successful phagocytosis by 
macrophages, attributable to the cytotoxicity of RCFl, and a consequently higher rate of transfer of fibres 
into the interstitium. 
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Currently, the model is being applied to data for MMVFl 1 and MMVF21 from chronic inhalation studies 
at RCC and it is envisaged that it will be used to interpret data from the Colt studies. We wish to acknowledge 
the financial support of JEMRB for the development of the model. 
A. D. JONES, C. L. TRAN AND K. DONALDSON* 
The Institute of Occupational Medicine (IOM) 
Edinburgh EH8 9SU 
Scotland, U.K. 
*Current address: Napier University, Edinburgh 
Influence of fibre characteristics on development of mesothelioma in the rat peritoneum 
As part of the Colt Fibre Research Programme into the pathogenicity of man-made fibres, a range of fibres 
were tested for evidence of carcinogenicity by injection into the peritoneal cavities of male SPF Wistar rats. 
The fibres tested included an amosite asbestos, a silicon carbide whisker, a glass microfibre, and a range of 
man-made vitreous fibres (MMVFs) and refractory ceramic fibres (RCFs) from the TIMA bank. The injected 
dose of each was designed, from calculations following optical microscopy, as the mass required to contain 10’ 
fibres >5 pm in length. The treatment groups contained between 18 and 24 animals. When dead or obviously 
morbid, the animals were removed and examined by dissection, and the presence or absence of peritoneal 
mesothelioma was recorded for each. 
The fibres differed greatly in the severity of the response they produced. The silicon carbide and MMVF2 1 
were the most carcinogenic, followed by RCFl AND RCF2: judged by median survival time, all of these 
presented higher mesothelioma risks than amosite asbestos. The other fibres tested were less carcinogenic than 
the amosite, but only RCF4, a ceramic fibre treated with extreme heat to simulate furnace or oven conditions, 
produced no mesotheliomas. 
Attempts were made, using regression models, to relate these differences to fibre characteristics. Despite the 
small number of data points, the results pointed to a link with the ability of fibres to resist dissolution in vitro. 
There was no consistent relationship with mass or numbers of fibres injected, overall or in selected length 
categories, nor with data on biopersistence in the lung. 
B. G. MILLER, J. M. G. DAVIS, K. DONALDSON, D. BUCHANAN, 
A. SEARL, R. T. CULLEN, R. G. LOVE AND C. A. SOUTAR 
Institute of Occupational Medicine 
Edinburgh EH8 9SU 
Scotland, U.K. 
Influence of characteristics of inhaled fibres on development of tumours in the rat lung 
As part of the Colt Fibre Research Programme into the pathogenicity of man-made fibres, male SPF Wistar 
rats were exposed to airborne fibres in inhalation chambers, for 7 h day ~ ‘, 5 days week ~ ‘, for up to 
12 months. The fibres tested included an amosite asbestos, a silicon carbide whisker, and a glass microfibre. 
The target airborne concentration, in fibres longer than 5pm counted by optical microscopy, was 
1000 fibres ml- ‘. The treatment groups contained around 80 animals, of which some were sacrificed serially 
for studies of the deposition and clearance of fibres in the lung, and the others were followed to death, to 
provide data on presence of lung tumours and peribronchiolar fibres. 
Both the amosite and the silicon carbide, but not the glass microfibre, produced fibrosis in animal lungs. 
Some animals in all three fibre groups developed non-malignant adenomas. Both the amosite and the silicon 
carbide produced lung carcinomas, in 7/42 (17%) and 5/42 (12%) animals respectively. In addition, one animal 
treated with amosite developed mesothelioma, and mesotheliomas were found in lo/42 (24%) of the silicon 
carbide group. 
These data were combined with data from another organization (RCC) on inhalation studies of man-made 
vitreous fibres (MMVFs) and refractory ceramic fibres (RCFs). Attempts were made, using regression models, 
to relate differences in carcinogenicity to fibre characteristics. Despite the small number of data points, the 
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results pointed to a link with the concentrations of long fibres (> 15 pm), and with ability of fibres to resist 
dissolution in vitro or clearance from the lung. 
B. G. MILLER, A. D. JONES, J. M. G. DAVIS, D. BUCHANAN, 
A. SEARL, K. DONALDSON, R. T. CULLEN, R. G. LOVE AND C. A. SOUTAR 
Institute of Occupational Medicine 
Edinburgh EH8 9SU 
Scotland, U.K. 
Open Papers: Fibre Dissolution 
A comparative study of the clearance of respirable para-aramid, chrysotile and code 100/475 glass 
fibres from rat lungs 
A number of studies have indicated that the relative toxicity of different fibre types is partly related to 
differences in biopersistence within the lung. The aim of this study was to establish the relative biopersistence 
of respirable para-aramid, chrysotile and code 100/475 glass fibres following inhalation exposure. Groups of 
40 rats were each exposed for 2 weeks to a target concentration of 700 fibres ml - ’ for each fibre type. The rat 
lung burdens were determined at 0 days, 3 days, 1 week, 4 weeks, 3 months, 6 months, 12 months and 
16 months after cessation of exposure. There were large reductions in the numbers and volumes of retained 
fibres during the 16 months for all three fibre types with most clearance occurring during the first 3 months. 
Although the biopersistence of total lung fibre burden for all three fibre types was similar, the durability of the 
long (> 15 pm) fibres of each type was different. The para-aramid data show rapid clearance of the longest 
respirable fibrils during the first month following exposure Fombined with an initial increase in the numbers 
of shorter fibrils. This is consistent with the breakage of long fibrils into shorter fragments that could be more 
readily cleared by macrophages. The code 100/475 glass fibre data also suggest an initially rapid removal of 
long fibres, largely through breakage. In contrast, with chrysotile there was a more rapid reduction of the 
numbers of short fibres retained in the lung than of long fibres, reflecting the enhanced clearance of short fibres 
by macrophages. The residual long fibre lung burden of the chrysotile fibres was proportionately much greater 
after 16 months than that of the other two fibre types. The clearance of chrysotile fibres within the 
macrophage size range was, however, enhanced relative to the other two fibre types suggesting that they may 
be differences in macrophage responses to different fibre types. Therefore although the overall biopersistence 
of all three fibre types was similar, the durability of long chrysotile fibres was much greater than that of long 
para-aramid or code 100/475 fibres. The clearance of none of three fibre types is appropriately described in 
terms of first-order kinetics and the apparent half-time of clearance of each fibre type depends on the time 
interval and the size fraction examined. 
A. SEARL 
Institute of Occupational Medicine 
Roxburgh Place 
Edinburgh EHS 9SU 
Scotland, U.K. 
Correlation analysis between biodurability and chemical composition of man-made mineral fibres 
It is generally agreed that the biodurability of man-made mineral fibres (MMMF) is a major factor in regard 
to potential health effects after inhalation exposure to these materials. As there is currently no standardiz- 
ation of experimental protocols to determine biodurability, the results of the clearance kinetics cannot be used 
directly for regulative purposes. One of the key issues is, for example, that the fraction of fibres removed from 
rat lungs by ciliated and by macrophage-mediated clearance should be minimal as the long-term clearance in 
humans is primarily governed by the dissolution of fibres. 
One preliminary approach to overcome these difficulties is the use of the chemical composition of MMMF 
as a basis for regulation. Results of biodurability studies of MMMF which are focusing on the slow phase 
clearance are analysed for the correlation to the chemical composition. 
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Among the suggestions regarding the chemical composition for the dissolution process is the approach by 
Potter and Mattson (1991) based on glass fibre dissolution in physiological saline solution and by the German 
regulation (‘Carcinogenicity Index k,‘). This index is calculated as the sum of oxides of sodium, potassium, 
boron, calcium, magnesium and barium in the fibres minus twice the content of aluminium oxide. The analysis 
of the k,-index and biodurability shows that for many MMMFs there is a good correlation. For MMMFs like 
refractory ceramic fibres, and for fibres which show signs of local corrosion of fibres in lungs, there are 
substantial deviations. 
H. MUHLE AND B. BELLMAN 
Fraunhofer Institute of Toxicology and Aerosol Research 
Hannover, Germany 
Biopersistence of various types of mineral fibres in the rat lung after intratracbeal application 
From present knowledge, the biopersistence of fibres appears to be a critical factor for the possible 
cancerogenic potency of these materials. To test the relationships between chemical composition, biopersist- 
ence and cancerogenicity, the present study mainly used fibre materials which had been previously tested for 
carcinogenic potency in an intraperitoneal test or an inhalation study. The following types of fibres were 
tested: glass microfibres M-475, M-753, E-Glas; glass wools MMVFl 1, TL wool, X607 (experimental wool); 
M-stone wool, M-slag wool, ceramic fibre RCFl, glass fibre B-01 and polypropylene fibres. Respirable 
fractions of these materials were used. For the mineral wools, special sizing techniques were used to obtain 
these respirable fractions. The bivariate size distribution of fibres was analysed by scanning electron 
microscopy. 
Animals were exposed by intratracheal instillation of the test materials. After serial sacrifice of rats up to 
18 months after treatment, the fibres were analysed in the lungs after removal of the lung tissue by gentle 
disintegration methods. In the scanning electron microscope, the fibres were counted and the size distribution 
was analysed. Half-times were calculated as the characteristic parameter for the kinetics of the elimination of 
fibres. Since the carcinogenicity of fibres is dependent on the length distribution of materials, the elimination 
kinetics were calculated for different length fractions. Additionally an analysis of fibre diameter was 
performed to provide information about dissolution and breakage of fibres. The results of this study were 
compared with inhalation studies. For fibres with lengths above 5,~m, the results of biopersistence are 
comparable with studies using exposure by intratracheal instillation or by chronic inhalation. For the analysed 
fibre materials, the order of decreasing biopersistence is identical to the order of decreasing carcinogenic 
potency determined by intraperitoneal injection tests: ceramic fibres (RCF)>M-stone wool z glass wool 
(MMVFl l)>M-slag wool. 
B. BELLMANNAND H. MUHLE 
Fraunhofer Institute of Toxicology and Aerosol Research 
Hannover, Germany 
The relationship of acellular in vitro dissolution to in vivo biopersistence following inhalation 
The dissolution of fibres was evaluated using a dynamic acellular in vitro dissolution model and by an 
inhalation biopersistence model. The fibres studied consisted of commercial and new glass wool fibres 
(essentially sodium borosilicates) and commercial and new stone wools (essentially calcium-modified silicates). 
The in vitro dissolution measurements were performed using a continuous flow model in a slightly modified 
Gamble’s media. The tests were performed at either a pH of 7.4 (extracellular) or 45 (intracellular). The ratios 
of the surface area of the fibre bed in the in vitro filter holder to the sample/flow rate @A/v) through the filter 
holder were in the range of 175-190 h cm- ‘. The concentrations of Na,O MgO, Al,O,, SiO,, K,O, CaO, Cl 
and P,O, in the solution were measured. 
The inhalation biopersistence studies were performed using Fischer 344 male rats exposed to a well defined 
rat respirable aerosol (mean diameter of - 1 pm) at a concentration time of 30 mg m - 3, 6 h day - ’ for 5 days 
with post-exposure sacrifices at 1 h, 1 day, 5 days, 4 weeks, 13 weeks and 26 weeks. At sacrifice, the whole lung 
was removed, weighed and frozen at - 20°C for subsequent digestion by low temperature plasma ashing. The 
number and bivariate size distribution of the fibres in the aerosol and lung were determined. The 
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concentrations of Na,O, MgO, A&O,, SiO,, K,O, CaO and B,O, in the fibres recovered from the lungs were 
measured. 
Comparison of the in vivo results with those obtained in vitro showed a good correlation only at an in vitro 
pH of 7.4. The in vitro results at pH 4.5 were not comparable with the in vivo inhalation results. 
Fibre morphometry following in vivo and in vitro dissolution were found, however, to be quite different. 
Following in vitro dissolution, for many of the fibres, a leached layer was clearly seen with a pristine fibre core. 
This leached layer was not observed following inhalation although the effects of the dissolution procedure and 
different measurement techniques cannot be ruled out. 
Following inhalation, an important difference in removal was seen between the long fibre (L>20pm) and 
shorter fibre (L between 520pm and L<Spm) fractions depending upon composition. For all glass wools 
and the new stone wools, the longer fibres were removed notably faster than the shorter fibres. It was found 
that the time for complete fibre dissolution based on the acellular in vitro dissolution rate at pH 7.4 was highly 
correlated (r=0.98, PcO.01) with the clearance half-times of fibres >20pm in length when using a double 
exponential fit to the data. No such correlations were found with any of the length fractions using the acellular 
in vitro dissolution rate at pH 4.5. 
D. M. BERNSTEIN*, C. MORSCHEID-rt, P. LEHUEDE'f AND A. DE MERINCO 
*Geneva, Switzerland and 
tSt. Gobain 
Paris, France 
Regulatory evaluation of man-made vitreous fibres in Germany 
Numerous investigations with asbestos and other fibrous dusts led to the conclusion that length, diameter, 
and biodurability of fibres are the main determinants of their carcinogenic potency. Asbestos inhalation 
studies with rats show that this experimental model is insensitive compared to the cancer risks from asbestos 
fibres in humans. As man-made vitreous fibres (MMVF), especially insulation wools, are relatively coarse, 
only low fibre numbers can be tested by inhalation exposure in experimental animals. 
As a result, negative inhalation tests with MMVF alone are unsuitable for the evaluation of the respective 
carcinogenic potency, which might be lower, equal or even higher than that of asbestos. Positive inhalation 
tests indicate a higher carcinogenic potency per fibre compared to asbestos. 
In contrast to inhalation studies, intracavitary tests are more specific and sensitive for the detection of the 
carcinogenic potential of MMVF. Their capacity enables the discrimination of fibres with varying carcino- 
genic potencies, especially when intraperitoneal injection is used. Considering number, length, diameter and 
corresponding tumour response after intraperitoneal injection, it is possible to rank the different MMVF 
according to their carcinogenic potency. As length and diameter have already been taken into account, this 
ranking mirrors the influence of biodurability, which in turn depends on the chemical composition. The 
number (carcinogenicity index C,), derived by the formula: 
C, =C(B,O,Na,O,K,O,CaO,MgO, BaO) - 2 X Al,O, 
(oxides as weight - %) 
satisfactorily corresponds with the carcinogenic potency after intraperitoneal injection and with the half-time 
in rat lungs after intratracheal instillation of different MMVF. Without adequate additional data, C, forms the 
basis for workplace regulations in Germany. 
P. WARDENBACH 
Federal Institute for Occupational Sajkty and Health 
Dortmund, Germany 
Mesotbelial cell proliferation and biopersistence of mineral fibers 
A common property of carcinogens and tumor promoting agents is their ability to stimulate cell 
proliferation in the target tissue. In the mouse peritoneal lining, we have shown that a single injection of UICC 
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crocidolite asbestos (200 ,ug equivalent to 5.8 x 10’ fibers) causes acute mesothelial cell injury that is repaired 
by proliferation of adjacent, uninjured cells. Focal areas of mesothelial cell proliferation persist around fiber 
clusters for as long as 6 months. The ability of more soluble mineral fibers to induce chronic mesothelial cell 
proliferation was tested in this model system. Wollastonite is a non-carcinogenic mineral that has a half-life 
of 21 days in the lungs of rats following inhalation. Intraperitoneal injection of 2 mg of wollastonite 
stimulated an acute inflammatory response similar to 200,~g of crocidolite asbestos fibers. After 3 days, the 
proliferative response following injection of wollastonite or crocidolite asbestos fibers was similar. However, 
after 21 days, proliferation induced by wollastonite declined to background, while mesothelial cell prolifer- 
ation induced by crocidolite asbestos was IO-fold higher than saline-injected controls. Initially, 2 x lo4 
wollastonite fibers mm - ’ were recovered from the diaphragm 3 days after a single injection. After 21 days, 
only 1 x 10’ fibers mm - ’ were recovered. In contrast, 2 x lo5 crocidolite asbestos fibers mm- * persisted at 
sites of chronic mesothelial cell proliferation 6 months after a single injection. These results support the 
hypothesis that persistence of mineral fibers in the peritoneal lining stimulates chronic proliferation of 
mesothelial cells. This proliferating cell population is a potential target for the genotoxic effects of fibers. 
This research was supported by a grant from the National Institute of Environmental Health Sciences 
(ROl ES05712). 
A. B. KANE, J. M. MARSELLA AND J. L. MACDONALD 
Department of Pathology and Laboratory Medicine 
Brown University 
Providence 
RI 02912, U.S.A. 
Fibre durability, carcinogenesis and the route of administration 
The purpose of this paper is to review recent attempts to include consideration of fibre durability in the 
regulation of man-made mineral fibres and to present data on some new ‘soluble fibres’. 
The recent adoption of ‘regulations’ designed to classify the carcinogenic potential of man-made fibres in 
Germany have resulted in some fibres being regarded as ‘without concern’ as to their health effects. This 
represents a novel departure in that most efforts at regulation have not included such frank ‘exoneration’ 
clauses. German scientists, and their authorities, have been characterized by regarding the results of 
intraperitoneal injection studies of large quantities of fibre as a reliable method of identifying hazardous 
materials. No one doubts that this test method is very rigorous and therefore fibres not producing tumours 
when tested in this way should certainly not pose any risk to humans exposed by inhalation. The incentive 
provided by a gradient of regulation in which fibres with low biopersistence are regarded as less hazardous has 
stimulated the production of a variety of very soluble glass fibres and these are now being marketed. Clearly 
the basis for discriminating between classes of fibre needs to be based on good scientific methods or reasoning. 
Most authors outside Germany are critical of the composition index on which: the German regulations are 
based, and the choice of boundary values used to distinguish between fibre types are arbitrary. However, the 
discussions produced by these regulatory effects have encouraged the investigation of the relationship between 
composition, fibre persistence, dose, route of administration and biological effect. While the relationship 
between these variables is complex, a simplified scheme linking solubility and carcinogenesis will be 
proposed. The role of fibre size complicates matters even further and it becomes even more important to 
identify biologically relevant fibres rather than to simply consider regulated fibres such as those defined 
by the WHO or NIOSH criteria. The failure to consider fibre size has led to much of the controversy 
regarding the sensitivity of animal inhalation experiments and makes potency comparisons between fibre 
types impossible. 
R. C. BROWN*, M. A. MOORER AND 1. C. ALEXANDER$ 
* Uppingham, Rutland 
TMorgan Crucible Plc and 
$Morgan Materials Technology 
Stourport-on-Severn 
Worcestershire. U.K. 
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Open Papers: Fibres and Particles 
Expression of PDGF and TGFa consequent to asbestos exposure 
We have used immunohistochemistry (IHC), RNA analysis and in situ hybridization (ISH) to test the 
hypothesis that platelet-derived growth factor (PDGF) and transforming growth factor alpha (TGFa) are 
expressed, temporally and anatomically, consistent with developing asbestos-induced fibroproliferative lesions 
at sites of initial fiber deposition in rats and mice. PDGF is the most potent mesenchymal cell mitogen known, 
and TGFa is a powerful growth factor primarily for epithelial cells. Lung macrophages in vitro produce the 
three isoforms of PDGF (Bonner et al., Amer J Resp Cell h4ol Biol 1991; 5: 539) and they release TGFa, 
whereas lung fibroblasts in vitro synthesise and secrete predominantly PDGF-A-chain (Lasky et al., Amer J 
Resp Cell Mol Biol 1995; 12: 162). The findings presented here, in vivo, are consistent with these earlier 
conclusions and add support for the ‘growth factor hypothesis’. We showed by RNAase protection assay 
(RPA) that immediately after a 5-h exposure to chrysotile asbestos, the genes which code for PDGF-A- and 
B-chains are upregulated in whole lung tissue extracts, compared to tissue from air and iron-exposed animals. 
The message from these genes remained clearly above background for at least 2 weeks post-exposure. 
Consistent with this finding was striking IHC staining of the PDGF proteins primarily at the bronchiolar- 
alveolar duct bifurcations where the fibers initially deposited and the fibroproliferative lesions develop. Clear 
IHC staining was shown in epithelial and mesenchymal cells as well as macrophages. Similarly, TGFa gene 
expression was shown clearly by ISH and the protein by IHC. Again, the epithelial cells and macrophages 
stained strongly in asbestos-exposed animals; however, the interstitium remained generally clear of TGFa 
signal. TGFa was upregulated by 24 h after asbestos exposure and remained so for at least 2 weeks 
post-exposure, whereas the air and iron-exposed lungs exhibited no TGFa labeling at any time after exposure. 
These findings are necessary to establish which growth factors are present during fibroproliferative disease, but 
further experiments that block or over-express the specific genes will be necessary to prove whether or not 
PDGF and TGFa are essential to the disease process. 
A. R. BRODY AND J.-Y. LIU 
Department of Pathology and the Lung Biology Program 
Center for Bioenvironmental Research 
Tulane University Medical Center 
New Orleans 
LA, U.S.A. 
Evaluation of the evidence for carcinogenicity of fibrous dusts 
The paper briefly reviews some epidemiological and experimental findings about fibre carcinogenicity and 
includes the results of a recently completed series of experiments from our laboratory. In the current scientific 
discussion on the health effects of fibres, three central arguments are used to support the assumption that the 
fibrous dusts from common insulation wools had only a negligible carcinogenic potency, if any. These points 
are (i) there have been no unequivocally positive epidemiological studies; (ii) the inhalation studies recently 
completed at RCC are negative if each group is compared to the concurrent controls; and (iii) it is believed 
that the positive results obtained after application of dusts to the serosa are due to an unspecific effect. 
However, a more thorough examination of the data shows that neither the epidemiological results nor the 
results of the inhalation studies can be used as evidence for the lack of carcinogenicity. Briefly, this can be 
explained as follows: former average concentrations of asbestos fibres at different workplaces have been up to 
about 100 fibres ml- ‘, which led to epidemiologically detectable increases in lung cancer risk. If man-made 
fibres do not have a much higher carcinogenic potency than asbestos fibres then the average concentrations of 
below 1 fibre ml - ‘, which have been reported, are much too low for increases in lung cancer risk in the 
production of insulation wools to ever be detected. In inhalation studies with rats, however, long-term asbestos 
fibre concentrations much higher than at workplaces ~ more than 1000 f ml ~ ’ ~ have been necessary to induce 
detectable increases in tumour risks. Therefore, it is unlikely that tumour risks from insulation wool fibre 
concentrations, which are also much lower in inhalation studies, will become apparent, provided the fibres do 
not have higher carcinogenic potencies than asbestos fibres. Finally, there are no serious experimental findings 
which support the hypothesis that tumours induced by intraperitoneal injection of fibrous dusts are due to an 
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unspecific mechanism. The traditional criteria for exceeding the maximum tolerated dose, namely retarded 
weight gain or reduction of life expectancy by some toxicity of the substance, are not fulfilled. Negative results 
with very high dust masses of non-fibrous dusts and dose-response relationships with similar characteristics for 
different fibrous dusts, which have been reproduced in recent experiments, are further clear indications of an 
effect that is linked to the shape and the durability of the particles. 
M. ROLLER AND F. POTT 
Medical Institute of Environmental Hygiene 
Aufm Hennekamp 50 
D-40225 Diisseldorf; Germany 
Response to oxidative stress in fibre-exposed animals 
It has been proposed that active oxygen species are important mediators in the pathogenesis of 
asbestos-induced lung disease. The lung is well supplied with numerous antioxidants, including glutathione, 
capable of preventing oxidative stress. To investigate whether crocidolite could induce a change in intra- or 
extracellular glutathione, we compared the effect of its inhalation to a ‘safe’ fibre, calcium (Franklin A-30). 
Rats (36, F344, male) were exposed to either of the fibres using a nose-only inhalation system for 3 weeks. 
Eighteen of the animals were sacrificed immediately and the remainder allowed a 3-week period of no 
exposure (recovery). Cells (type II and macrophages) and bronchoalveolar lavage (BAL) were then removed. 
Glutathione (GSH), gamma-glutamyl transpeptidase (y-GT) and protein were assayed in all samples. The 
number of macrophages in lavage and in formalin fixed sections were counted. 
The study showed some evidence of increased numbers of macrophages particularly in those animals 
exposed to calcium sulphate. However, there was some cell debris in the asbestos-exposed lungs and it is 
possible that the crocidolite exposure caused macrophage damage. Protein concentration remained relatively 
unchanged in both cell types and in BAL after exposure to either fibre. In calcium-sulphate-exposed animals, 
y-GT activity did not increase above control values in the lavage. However, in macrophages the y-GT had 
increased 4-fold and after the recovery period had doubled in type II cells and macrophages. Crocidolite 
exposure caused a similar response but to a lesser degree. Glutathione was unchanged compared to the control 
in both cell types following calcium sulphate exposure but after recovery had increased by 100% in the BAL. 
There was no change in crocidolite-exposed animals. 
It is possible that the increase in glutathione in the airways of calcium-sulphate-exposed animals is able to 
protect these animals from pulmonary damage. The significant increase in the Y-GT activity in both cell types, 
particularly macrophages, may assist these cells in the uptake of glutathione which in turn will provide 
protection against any fibre-generated active oxygen species. 
A. CLOUTER,~. E. HOUGHTON, C. A. BOWSKILL, J. A. HOSKINS AND R.C. BROWN 
MRC Toxicology Unit 
University of Leicester 
Leicester LEI 9HN, U.K. 
Qualitative species differences in alveolar macrophage nitric oxide production 
The induction of nitric oxide (NO) radical formation has been suggested to represent a novel mechanism of 
asbestos-induced pulmonary injury. High concentrations of NO are likely to have deleterious effects resulting 
from the formation of nitrite and peroxynitrite radicals which may have cytotoxic and genotoxic effects. 
However, human alveolar macrophages (AM), in contrast to rat and murine AM, do not appear to produce 
NO in vitro under the same experimental conditions. The two rodent species mostly used in inhalation 
toxicology, rats and hamsters, are well known for qualitative differences in their response to hyperoxic lung 
injury or inhaled particulate material, such as mineral fibres or diesel soot. We asked, therefore, whether there 
exists differences in NO release by AM between these two species. Rat and hamster AM were obtained by 
bronchoalveolar lavage and stimulated in vitro with various dosages and combinations of LPS, IFN-y and 
TNF-a. Nitrite (NO, ~ ), the stable oxidation product of NO in macrophage conditioned medium, was assayed 
by the Griess reaction. In rat AM, formation of NO, -, was induced by a single stimulus like LPS or IFN-y. 
Combinations of LPS, IFN-y, and TNF-a resulted in enhanced NO,- production by rat AM that was 
738 Abstracts 
completely attenuated by the NO synthase inhibitor NC-monomethyl-L-arginine. In contrast, neither single 
stimulation with LPS, IFN-y, or TNF-a, nor any combination of these stimuli was able to induce hamster AM 
to release detectable amounts of NO,-. In conclusion, we hypothesize that species differences in the 
formation of NO and its derivatives (e.g. peroxynitrite, nitrosamines) may contribute to the disparate response 
of rats and hamsters to inhaled, instilled, or injected particulate material. 
F. KROMBACH, M. D~RGER,N.JESCH, A.-M. ALLMELING AND K. MESSMER 
Institute for Surgical Research 
University of Munich 
D-81366 Munich, Germany 
The effect of particle size on slow clearance from rat trachea 
Numerous studies have shown that particle clearance from the conducting airways includes a slow 
component, such that a fraction of particles deposited there can be retained in the long term. In humans, 
Scheuch et al. [J Aerosol Med 1993; 6 (suppl): 471 have found that the extent of slow clearance depends on the 
geometrical particle diameter. In view of the known quantitative differences in the kinetics of slow clearance 
between humans and rodents, it was of interest to determine if the same relationship occurred in the latter. 
Using the Fischer-344 rat, the kinetics of clearance were determined by external y-counting, after local 
deposition in the trachea by the instillation of 2.5 ~1 of a particle suspension. 
Two types of particle were used: ‘33BaS0, particles, to allow a comparison with earlier work, and 
‘95Au-labelled colloidal gold. The median particle diameters were 1.4 ,um and 0.022-0.030 pm respectively. 
Under these conditions, clearance over 48 h could be described for both particle sizes by the sum of two 
exponential terms: the first component represents fast mucociliary clearance and the second is slow clearance 
as previously defined for this model. 
The fraction of particles subject to slow clearance was 29% for ‘33BaS0, particles and 32% for colloidal 
gold, i.e. essentially the same for the two particle sizes. The rate constant for the fast component was also 
similar in the two cases, but for the slow phase the rate constant was 0.022 h ~ ’ for the BaSO, particles and 
0.004 h - ’ for colloidal gold. These results differ from the kinetics of slow clearance for particles of different 
sizes in humans as defined by Scheuch et al. 
G.PATRICK 
MRC Toxicology Unit 
University of Leicester 
Leicester LEl 9HN. UK. 
Open Papers: General 
Osseous development in the lungs of chickens with poor ventilation 
The ascites syndrome in young broiler (meat-type) chickens is a condition defined as an excessive 
accumulation of serum-like fluid in the abdominal cavity and is a major problem affecting the world broiler 
industry. The syndrome is of metabolic origin caused by excessive demands for environmental oxygen; this in 
turn initiates pulmonary hypertension that leads to chronic right ventricular hypertrophy and birds eventually 
die from heart failure. Histopathology of the lungs shows much haemorrhagic congestion of the major airways 
together with hypertrophy of the smooth muscle cells of the parabronchi. Further examination reveals 
excessive numbers of cartilaginous and osseous nodules distributed randomly within the lung parenchyma 
compared with control lungs. 
The nodules contained more chondroitin sulphate proteoglycans than keratin sulphate. Haemosiderin was 
also demonstrated within the nodules, possibly indicating previous pulmonary haemorrhage. The nodules 
matured from hyaline, fibrous and mineralized cartilaginous to osseous forms, with the fibrous variety being 
the most frequent. In the lungs of ascitic birds when there was a high incidence of nodules, large areas of the 
parenchyma contained bundles of non-mineralized collagen fibres. Birds that died with an ascitic syndrome 
had a significantly greater number of nodules than other groups of diseased birds, with significantly more 
occurring in the left lung than in the right. 
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An attempt to induce these nodules in the lungs of young broilers by providing them with inadequate 
ventilation demonstrated more in the experimental group of birds than in two groups of control birds. When 
the lungs of healthy adult broiler breeders were examined, more osseous-type nodules were present indicating 
nodular development with age. Very few nodules were seen in the lungs of wild birds. It is suggested that poor 
ventilation, similar to that likely to be experienced in some bird accommodation, may increase the 
development of cartilaginous and osseous nodules in the lungs of broiler chickens, and would compromise 
respiration. This work was supported by a Commission from the Ministry of Agriculture, Fisheries and Food. 
M. H. MAXWELL AND G. W. ROBERTSON 
Roslin Institute (Edinburgh) 
Roslin 
Midlothian EH25 9PS 
Scotland, U.K. 
Direct exposure of V79 cells to whole cigarette smoke using a new exposure system with air-liquid 
interphase culture 
Many investigations of the effects of cigarette smoke on cultured cells are carried out using cigarette smoke 
condensate dissolved in culture medium. The aim of this project was the development of a system which allows 
the direct exposure of cultured cells to fresh cigarette smoke. 
The constructed exposure system consists of a smoke generator and an exposure unit, the latter is contained 
in an incubator maintained at 98% RH, 10% CO,, 37°C. The exposure unit houses six transwells (Costar) on 
which the cells are grown, and during smoke exposure only the lower surface of each of the transwells is 
supplied independently with culture medium. 
Cigarette smoke is generated using a standard 35 ml puff min - i. The puff is diluted with air from the 
incubator and after a 2-s delay is injected into the exposure unit to be in direct contact with the cells growing 
on the transwell membranes. Using a PC to control the system, it is possible to expose the cells to varying 
smoke concentrations and exposure protocols. 
Experiments have demonstrated that V79 cells can be maintained in a viable condition following exposure 
to air for a period of at least 3 h. Experiments concerning exposure to cigarette smoke and the effect on cell 
division and micronucleus induction in V79 cells showed that exposure-time-dependent as well as smoke- 
concentration-dependent effects can be observed. Increasing inhibition of cell proliferation is related to 
particle deposition onto the cell monolayer. 
D. RAMM*, W. KOCH*, H. L~DDING*, G. POHLMANN*, H. WINDT*, 
K. WESTPHAL?, E. MASSEY#, M. AUFDERHEIDE~ AND J. W. KNEBEL$ 
*Fraunhofer Institute of Toxicology and Aerosol Research 
Hannover, Germany, 
j-BAT Cigarettenfabriken 
Hamburg, Germany, 
$ BA T Technology Centre 
Southampton, U.K. and 
slnstitute of Experimental Pathology 
Hannover Medical School 
Hannover, Germany 
Transcriptional regulation of y-glutamylcysteine synthetase gene expression under oxidative stress 
in human alveolar epithelial cells 
Intracellular glutathione (GSH) is synthesized by two sequential enzymatic steps. The first and rate-limiting 
step involves the enzyme y-glutamylcysteine synthetase (yGCS). The yGCS gene promoter region consists of 
several transcription factor binding sites such as AP-1, antioxidant responsive element (ARE), metal and 
electrophilic responsive element and SP-1. Increased levels of GSH occur in the epithelial lining fluid (ELF) 
in chronic smokers. We have shown in previous studies that cigarette smoke condensate (CSC) increased the 
expression of the yGCS mRNA in a human type II alveolar epithelial cell line (A549). We hypothesize in this 
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study that GSH synthesis is induced by the activation of transcription factors with consequent release of GSH 
into the ELF in chronic smokers. We therefore studied the regulation yGCS gene expression and the role of 
redox-sensitive transcription factors, such as AP-1, ARE and SP-1 in A549 cells in response to CSC. In 
addition, we compared the effect with other oxidants such as menadione and H,O, on the GSH synthesis in 
A549 cells. CSC (lo%, l-h exposure) depleted intracellular GSH and was associated with increased formation 
of GSH-conjugates. After 24 h, the GSH levels increased significantly with an elevation of yGCS mRNA 
concomitant with the induction of AP-1, ARE and SP-1 binding activities in A549 cells. Similarly, exposure 
of menadione (100 PM) for 24 h and H,O, (100 ,UM) for 12 h also resulted in the transcriptional induction of 
yGCS mRNA. Buthionine sulfoximine (BSO), a GSH depleting agent, induced AP-1, ARE transcription 
factors binding but did not induce yGCS mRNA expression A549 cells. These results suggest that oxidant 
stress induces AP-1 and ARE binding activities and favours ?GCS mRNA induction in alveolar epithelial cells 
via the yGCS gene promoter region binding sites. Our results help to explain the increased levels of GSH 
found in ELF of chronic smokers. 
I. RAHMAN*, A. BELIE, K. DONALDSON$ AND W. MACNEE* 
*Respiratory Medicine Unit 
Department of Medicine 
University of Edinburgh 
Scotland, U.K., 
TINSA, Toulouse, France and 
SDepartment of Biological Sciences 
Napier University 
Edinburgh, Scotland, U.K. 
Dermal and respiratory sensitization to potassium dichromate in hamsters 
The aim of our study was to evaluate the relationship between dermal sensitization to potassium dichromate 
(K,Cr,O,), a well known potent dermal sensitizer, and subsequent deposition of this agent in the respiratory 
tract. Male or female, 5-week-old, Syrian golden hamsters received 1 or 3 weekly epicutaneous applications of 
K,Cr,O, (17 mM, 100~1) or vehicle (DMSO). This was followed by 1, 2, 3 or 4 weekly intratracheal (it.) 
instillations of a non-toxic dose of K,Cr,O, (0.7 mM, 2 ml kg - ‘) or saline. In one study, animals were killed 
on days 1, 3, 5, and 7 after the last i.t. instillation and the following endpoints were measured: lung weight, 
histology and BAL parameters [LDH, alkaline phosphatase (AP), y-GT, protein concentration, and number 
and distribution of inflammatory cells]. Samples taken on day 1 and day 3 after the last it. instillation of 
K,Cr,O, showed moderately increased levels of LDH, AP, y-GT, protein concentration, total cell number and 
proportion of neutrophils. These signs of pulmonary injury were no longer present in any of the groups when 
killed on days 5 or 7. Therefore, in a second study, all animals were killed on day 5 after the last i.t. instillation. 
In animals with dermal application of vehicle only, no significant changes occurred in BAL cellular profile. In 
the group with one dermal application of K,Cr,O,, a slight increase in the percentage of eosinophils in BAL 
was noted with increasing numbers of i.t. administrations (from 0.8 f 0.5% to 5.5 f 1.5%) whereas in the 
group that received 3 weekly dermal applications of K,Cr,O,, the increase was more pronounced (from 
0.7 & 0.4% to 26.3 f 12.3%). These results indicate that the pulmonary response to the small molecular weight 
sensitizer K,Cr,O, is dependent on prior dermal sensitization to this compound and suggest that allergic 
responses to inhaled chromates may occur in subjects with chromate-induced allergic contact dermatitis. 
F. L. CLOTTENS, A. BREYSSENS, H. DE RAEVE, M. DEMEDTS AND B. NEMERY 
Laboratory of Pneumology 
K. U. Leuven 
Herestraat 49 
3000 Leuven, Belgium 
Poster Discussion 
Isolation of a novel antiprotease from human lung lining fluid 
A number of lung diseases are thought to involve lung tissue damage following release of proteases by 
inflammatory cells. Neutrophil elastase (NE) is a potent serine protease present intracellularly at high levels; 
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its secretion may contribute to lung injury. Its activity is strictly controlled under normal circumstances by 
antiproteases derived from the plasma and pulmonary epithelial cells. Reduced antiprotease capacity is 
thought to be one of the factors leading to proteolytic lung damage. A significant component of the 
anti-elastase capacity of respiratory secretions remains uncharacterized and hence its role in controlling 
proteolytic lung damage is unclear. We have isolated and partially characterized a novel inhibitor of 
neutrophil elastase from sheep bronchoalveolar lavage fluid (Mistry et al., Am Rev Resp Dis 1992; 145: A564). 
This inhibitor [sheep lung elastase inhibitor (SLEI)], is related to the Kazal protease inhibitor family, has a 
molecular mass of 17-20 kDa and inhibits NE and pancreatic elastase (PE) but not cathepsin G (CG). The 
human equivalent may account for the ‘missing’ inhibitor. The aim of this study, therefore, was to isolate the 
analogous protein from human epithelial lining fluid. Bronchoalveolar lavage fluid from 16 patients (1.5 1) was 
pooled and concentrated to 60 ml. A BIO-RAD Rotofor isoelectric focussing system and preparative 
native-PAGE were used to isolate the protein. The approximate isoelectric point of SLEI (4.0) was used as a 
guideline to select fractions to screen for NE inhibitory activity. Fractions with inhibitory activity (n=2; 6 ml 
total) were then pooled and applied to native PAGE, and NE inhibitory activity was assessed in resulting 
fractions. The active fractions (n=7, 10.5 ml total) were lyophilized and the molecular mass and purity of the 
concentrate determined using SDS-PAGE. The protein migrated as a single band with a molecular mass of 
20 kDa. In contrast to SLEI, the human protein inhibits NE and CG but not PE; although this profile of 
inhibitory activity is similar to other epithelial cell-derived inhibitors, secretory leukoprotease inhibitor (SLPI) 
and elafin, their molecular masses are quite different (< 11 kDa) and SLPI is cationic rather than anionic at 
neutral pH. We have, therefore, isolated a novel protein from human lung lavage which is similar in size to 
SLEI but has a different profile of inhibitory activity. Further studies will enable us to characterize the protein 
fully, determine its relative contribution to human lung lining fluid antiprotease defence, and hence its role in 
the control of lung inflammation. 
L. BINGLE, R. MISTRY, K. J. JOHNSON AND T. D. TETLEY 
Department of Medicine 
Charing Cross and Westminster Medical School 
London W6 8RP and 
Laboratory of Genetics 
University of Glasgow 
Scotland, V. K. 
The pivotal role of type II cells and granulocytes in the chronification of dust-induced lung diseases 
Lung exposure to harmful dusts evokes pathological processes which lead to chronic lung diseases. The 
initial alveolitis related to acute exposure is considered as the starting point to possible long lasting 
pathological paths. We are particularly interested in the processes supporting or building up the chronification 
which is most closely related to human disease. 
The data were selected from BALs from silica exposure studies with different species [rat, high- and 
low-responder mouse (LRM and KRM)] at different time intervals (2, 14, 21, 90 days) post-exposure (2 x 5 
days, 5 h). Cells in the BALF and the lung surfactant lipids (LSL) were determined as a measure of the 
epithelial reaction (ER). These data were compared to results from BALs of patients with asbestosis. 
In summary, the rat reacted with a long lasting granulocytic reaction (GR) up to 80% of total BAL cells and 
type II cell activation. Mice showed only an initial GR (c. 10% of total BAL cells) in the LRM whereas the 
HRM showed a particular ER paralleled to collagenous increase. Patients with asbestosis exhibited an 
increase in LSL in 90% of the patients vs. unexposed subjects, the GR was detected in less than 10% of 
the patients. 
We conclude that the type II cell reactions constitute an essential path to chronification in collagenous lung 
disease. On the other hand, the GR in the rat produces a heavy impact of reactive oxygen species which could 
damage DNA (strand breaks, 8 0X0-G). We suspect that the GR is the clue for the specific tumorgenicity of 
some dust types, e.g. silica. 
J. BRUCH*, B. REHN*, P. NEHLS *, F. SEILER* AND U. CosTABELLt 
*Institute of Hygiene and Occupational Medicine and 
tRuhrlandklinik, University Clinic 
Essen, Germany 
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A textile paint linked to organizing pneumonia: pulmonary toxicity of the 
individual components 
In an attempt to elucidate the mechanisms for the severe pulmonary disease which affected textile printing 
sprayers in Spain (Moya et al., Lancet 1994; 344: 4988502) and in Algeria (Ould Kadi et al., Lancet 1994; 344: 
962-963), the components of the incriminated paint were administered by intratracheal (i.t.) instillation to 
male or female, 8-12-week-old, Syrian golden hamsters. Acramoll W@ (a co-polymer of butylacrylate), 
Acramin FWN:@ (a polyamide-amine), or Acrafix FHN@ (a polyamine salt) were diluted in phosphate 
buffered saline (PBS) at neutral pH in concentrations ranging from 0.024 to 60%. Acramin FWR@ (a 
polyurea) was first dissolved in acetic acid and then diluted in PBS to final concentrations ranging from 0.008 
to 1%. They were given by transoral i.t. instillation of 2 ml kg ~ ’ to anaesthetized hamsters, using the smallest 
possible number of animals to obtain meaningful results. Pulmonary toxicity was assessed by wet and dry lung 
weight, histology, and BAL parameters (LDH, protein concentration, cells) at autopsy on day 7. The i.t. LD,, 
was 467 mg kg - ’ for Acramoll W; 43 mg kg ~ ’ for Acramin FWN; 30 mg kg- ’ for Acrafix FHN and 
4 mg kg ~ ’ for Acramin FWR. These i.t. LD,, figures are considerably lower than the reported oral LD,, in 
rats for each agent (>5000 mg kg - ‘; >2000 mg kg ~ ‘; ~5000 mg kg ~ ‘; >5000 mg kg - ’ respectively). 
Following sub-lethal doses of Acramin FWN (33 mg kg- ‘) and Acrafix FHN (13 mg kg- I), some lungs 
were haemorrhagic and heavier; protein concentration, LDH, total cell number and percentage neutrophils 
(62 and 16%, respectively) in BAL were increased. Because the pulmonary disease occurred after a formula 
change from Acramin FWR to Acramin FWN, the toxicities of these two ingredients were more 
closely compared at autopsy on day 3. When 4 mg kg - ’ of each ingredient was administered, Acramin FWR 
proved to be much more pneumotoxic than Acramin FWN. These preliminary results suggest that the 
respiratory toxicity of the spray paint used, is related more to the concentration of the Acramin ingredient 
used (1% for the old FWR formula vs. 7.5% for the new FWN formula) rather than to the intrinsic toxicity 
of these ingredients. Alternatively, the interaction of these ingredients with other components of the paint 
may differ. 
F. L. CLOTTENS, A. M. OEHRENS, P. H. M. HOET, M. DEMEDTS AND B. NEMERY 
Laboratory of Pneumology 
K. U. Leuven 
Herestraat 49 
3000 Leuven 
Belgium 
Bronchoalveolar lavage analysis following a subacute inhalation of various man-made 
mineral fibres in rats 
In a biopersistance study, Wistar rats inhaled three types of mineral fibres, i.e. glass fibres B-01/0.9; 
stone wool MMVF 21 (each 30 mg m- 3 for 1 week, low dose; 40 mg m ~ 3 for 3 weeks, high dose); and 
ceramic fibres RCF 1 (40 mg m - 3 for 3 weeks, one dose only. Glass spheres (40 mg m - 3 for 3 weeks) 
were used as a negative control. After exposure, the animals were sacrificed at various dates and the 
lungs were analysed for fibre retention, deep lung clearance and lung histological alterations. In 
addition to these parameters, bronchoalveolar lavage (BAL) was used as a suitable tool to estimate the 
biological effects of the various test substances on lungs. Lactic dehydrogenase (LDH), total protein, 
y-glutamyl transferase (y-GT) and glutathione (reduced/oxidized) titres were analysed in the lavage fluid 
on days 3, 17 and 31, respectively, post-exposure. The cellular response was evaluated by differential cell 
counting. 
LDH, y-GT, the reduced glutathione level and the differential cell count were sensitive parameters in this 
fibre inhalation study. RCF 1 fibres showed the most pronounced, significant response. For MMVF 21 fibres, 
a significant dose-dependent effect was observed whereas the B-01/0.9 fibres showed a behaviour similar to the 
almost inert glass spheres. 
0. CREUTZENBERG, B. BELLMANN AND H. MUHLE 
Fraunhofer Institute of Toxicology and Aerosol Research 
Hannover, Germany 
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The role of iron in the damaging effects of respirable industrial fibres 
The purpose of the present study was to investigate the role of iron in free radical damage caused by 
crocidolite and long and short amosite asbestos, refactory ceramic and man-made vitreous fibres, utilizing 
supercoiled plasmid DNA. An increase in damage was indicated by free-radical-mediated degradation of 
supercoiled DNA, measured in agarose gels. The release of iron from the fibres was determined by the use of 
iron chelators, ferrozine and desferrioxamine for Fe(I1) and Fe(II1) respectively, quantified by spectropho- 
metric comparison with standard iron solutions; the release of iron from fibres at acid and neutral pH was also 
measured. All fibres tested had some degree of free radical activity with the amphibole asbestos fibres 
producing more free radical damage than vitreous or refactory ceramic fibres and with hydroxyl radical being 
responsible. The use of desferal almost completely prevented the fibre-mediated free radical damage to the 
DNA by amphibole asbestos, demonstrating a role for iron. The addition of molecular iron to DNA 
confirmed that Fe(I1) was more active than Fe(II1) in causing free radical damage. The use of a reducing 
agent, H,O, (produced by lung leucocytes in viva) enhanced the free radical generating potential of all the 
fibres tested, presumably by its ability to reduce Fe(II1) to the more injurious Fe(I1). Amphibole asbestos 
released more iron, of both types, than the man-made fibres with the exception of MMVF 21 which released 
more than 100 times the amount of Fe(I1) and Fe(II1) released by other fibres. Since MMVF 21 is less 
pathogenic in vivo than the amphiboles, the presence of iron as measured here cannot be the sole explanation 
for the pathology or ability to damage DNA caused by fibres. The pH of the solution containing the fibres 
may have an effect on the release of iron from fibres, as the release of iron, particularly Fe(III), was enhanced 
at pH 4.3 compared to the release at pH 7.2. 
P. S. GILMOUR, M. SALVI, P. H. BESWICK AND K. DONALDSON 
Department of Biological Sciences 
Napier University 
Edinburgh EHIO 5DT 
Scotland, U.K. 
The effect of taurine on the contractile response of the isolated rat trachea 
Taurine is a sulphur-containing amino acid present in relatively large quantities in the lung, but 
whose function there is unknown. Given the ability of taurine to modulate the contractile activity of 
both vascular and gastrointestinal smooth muscle, we decided to investigate the effect of taurine on 
acetylcholine (ACh)-induced contractions of isolated rat trachea. Experiments were performed on male adult 
rats. The trachea was cleaned, mounted between two glass cannulae and placed in a 250 ml organ bath 
containing KrebsHenseleit solution (KHS) aerated with 95%O,/S!!CO, and maintained at 37°C. The 
trachea and cannulae were filled with KHS. One cannula was connected to a pressure transducer, whilst the 
other was closed to the atmosphere. Contractions were recorded as an increase in intra-luminal pressure. 
Cumulative doseeresponse curves to ACh were obtained in the absence and presence of taurine (1, 2, 5 
and 10m~). 
The table below shows the EC,, values for ACh in the absence and presence of taurine (mean •t SEM, 
n=6). 
Taurine (mM) 0 1 2 5 10 
EC,, (lo-‘M) 6.78 LIZ 1.02 10.06 f 1.22 12.91 f 1.16 20.99 LIZ 3.87 21.94h4.13 
An analysis of variance (ANOVA) showed that the EC,, values obtained in the presence of 2, 5 and 10 mM 
taurine were significantly different from the control EC,, value (PcO.05). 
In a further four experiments, the effect of taurine (5 mM) in normal and Ca’+-free KHS was investigated. 
The table below shows the percentage maximal responses (mean * SEM) evoked by ACh at a final bath 
concentration of 512 x lo- * M. All percentages are calculated against the maximal responses occurring in 
normal KHS with taurine absent. 
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Normal KHS Ca”-free KHS 
Control Taurine (5 mM) Control Taurine (5 mM) 
o/ Maximum response 100 69.5 f 4.3 29.0 f 6.2 23.5 f 6.8 
An ANOVA showed that in normal KHS, taurine (5 mM) significantly reduced the mean maximal response 
to ACh (512 x 10-s M) (P~0.05). However in Ca2’ -free KHS, the presence of taurine (5 mM) did not 
significantly reduce the mean maximal response to ACh (512 x 10 ~ ’ M) (DO.05). 
In conclusion, we have demonstrated that taurine inhibits the contraction of tracheal smooth muscle by a 
mechanism that appears to be calcium dependent. The precise mechanism by which this occurs remains to be 
elucidated. 
I. KAY AND E. KELLY 
Department of Biological Sciences 
Manchester Metropolitan University 
Manchester MI 5GD, U.K. 
Endotoxin and organic dust-induced acute pulmonary inflammation 
Farmer’s lung is a frequent form of extrinsic allergic alveolitis that is induced by inhalation of antigens 
found in mouldy hay. We have previously shown that in patients with acute episodes of farmer’s lung, 
circulating neutrophils are primed for an enhanced respiratory burst (Vogelmeier et al., Am Rev Respir Dis 
1993; 148: 396400). To further characterize the alveolitis in acute episodes of farmer’s lung, we performed 
standardized exposure tests in 19 patients with farmer’s lung and in 11 asymptomatic farmers as a control 
group. Peripheral blood was drawn before and 6 h after exposure, and bronchoalveolar lavage (BAL) was 
performed 6 h after exposure. Significantly increased levels of TNF-a, IL-l/j’, IL-S, endotoxin, and anti-LPS 
IgG-antibodies, and elevated numbers of neutrophils and monocyte-like cells were detected in the BAL fluid 
of patients with an acute episode of farmer’s lung as compared with asymptomatic farmers. In both study 
groups, no significant differences between pre- and post-exposure surface receptor expression on blood 
leucocytes (CD1 lb, CD14, CD16, HLA-DR) were found. Most interestingly, however, pre-exposure 
expression of CD1 lb and CD16 on blood neutrophils and monocytes was increased in farmer’s lung patients. 
Alveolar neutrophils and monocyte-like cells exhibited a pattern of surface antigen expression that is typical 
of freshly extravasated and activated cells, e.g. upregulated CD1 lb/CD18 and downregulated CD62L. In 
summary, our results support the hypothesis that endotoxin may be an important mediator of the acute 
inflammatory response to inhaled organic dusts. 
F. KROMBACH*,G. MAZUR?,T. BEINERT? AND C.~OGELMEIER? 
*Institute for Surgical Research and 
fDepurtment of Pneumology 
University of Munich 
D-81366 Munich, Germany 
The effect of pentoxifylline on silica-induced lung injury 
Aim; Can pentoxifylline, a methylxanthine derivative, modify silica-induced lung injury? 
Methods: In a randomized block design, male Wistar rats were intratracheally instilled with either 0.5 ml 
saline or 12.5 mg Min-U-Sil 5 silica dust suspended in 0.5 ml saline. After instillation, the rats were 
intramuscularly injected with either pentoxifylline (PTX) (50 mg kg - ‘) or the same volume of saline daily. 
After 60 days treatment the rats were killed and the lungs were weighed and lavaged. Total protein 
concentration, total cell number and lactate dehydrogenase (LDH) activity of the lavage fluid were 
determined. 
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Results: (mean * SE) 
Groups Silica+saline (1) Silica+PTX (2) Saline + saline (3) Saline+ PTX (4) 
Number of rats 5 4 5 5 
Lung weight (g) 4.19 i 0.29 3.55 zk 0.27 3.54 * 0.38 3.19 + 0.29 
Protein @g ml - ‘) 156.23 f 34.19 85.11 f 16.90 65.89 xk 6.44 95.49 f 29.20 
LDH (Ul- ‘) 14.20 ZIZ 3.60 13.25 5 2.93 8.60 f 2.25 1.60 f 0.68 
Total cell ( x IO4 ml ‘) 39.84 f 4.30 36.00 & 3.18 35.28 f 3.60 26.48 k 2.05 
P value of each parameter obtained from unpaired r-test (two-sided): 
Lung weight: (l):(2) PcO.05, (l):(3) PcO.05, (2):(3) P>O.O5 
Protein concentration: (l):(2) BO.05, (l):(3) P~0.05, (2):(3) P~0.05 
LDH: (l):(2) P>O.O5, (l):(3) P>O.O5, (2):(3) P>O.O5, (2):(4) WO.05, (3):(4) BO.05 
Total cell: (l):(2) BO.05, (l):(3) P~0.05, (2):(3) PzO.05, (2):(4) WO.05, (3):(4) PBO.05. 
Conclusion. Pentoxifylline administration significantly inhibited silica-induced lung weight increase and 
possibly prevents protein increase in lavage fluid induced by silica. Pentoxifylline does not reduce silica- 
induced LDH activity in lavage fluid although it seems to be able to reduce normal LDH activity in control 
group. It has little effect on cell number in lavage fluid. Studies are continuing on its effect on silica-induced 
collagen deposition and histopathological change. 
H. WANG, J. LEIGH, M. PETERS* AND A. BONIN 
NIOHS (Worksafe Australia) 
Concord Hospital* 
Sydney, Australia 
Antiproliferative effects of TGF/? isoforms are mediated via autocrine synthesis of PGE, 
The transforming growth factor (TGFB) family of peptides consists of at least five closely related isoforms, 
TGFb,-,, of which TGFP,-, have been identified in mammalian lung. They have multiple effects including the 
regulation of cell proliferation. In mesenchymal cells, including fibroblasts, TGFj?, has a biphasic effect with 
stimulation and inhibition of proliferation at low and high concentrations, respectively. The stimulatory 
effects are mediated via induction of autocrine PDGF synthesis. However, there is little information on the 
mechanisms which mediate the inhibitory effects of TGFj?, or on the effects of the other isoforms. TGFP, is 
also known to stimulate production of prostaglandin E, (PGE,), which is a potent inhibitor of fibroblast 
proliferation and could play a role in the antiproliferative effects of TGF/3. In this study, we have examined 
the effects of the three mammalian TGF/l isoforms on human lung fibroblast proliferation and determined the 
role of TGFP-induced PGE, synthesis in mediating these effects. Proliferation of human foetal lung fibroblasts 
(HFL-1) in response to TGF/?-, (O-160 pg ml - ‘) with and without indomethacin (1 pug ml- ‘) was assessed 
using a spectrophotometric assay. PGE, was measured in the cell-conditioned medium using a specific enzyme 
immunoassay. All three TGFP isoforms had similar patterns of activity in terms of fibroblast proliferation. 
TGF& appeared to be the most potent and TFGj?,, the least. Maximal stimulation for each isoform was 
observed at 5 pg ml - ‘, thereafter proliferation decreased, and at concentrations of 40 pg ml ~ ’ and above 
proliferation was inhibited. The table below shows the effects of indomethacin on stimulatory and inhibitory 
concentrations of the TGF/3 isoforms. 
The cyclooxygenase inhibitor, indomethacin, did not affect proliferation of untreated cells or of cells 
incubated with TGFB at 5 pg ml - ‘. However, at TGFB concentrations of 160 pg ml ~ ‘, indomethacin 
overcame the inhibitory effects and stimulation of proliferation similar to that observed with TGFP 
concentrations of 5 pg ml ~ ’ was obtained. All three TGF,0 isoforms increased PGE, production two- to 
three-fold between TGFP concentrations of 5-160 pg ml-‘. From these data we conclude that the 
antiproliferative effects of TGF/l isoforms on human lung fibroblasts are due to TGFP-induced synthesis of 
PGE,. In patients with pulmonary fibrosis, decreased levels of PGE,, which have been reported previously, 
could lead to an enhanced fibrotic response to increased levels of TGFP. 
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WWI 
(pg ml - ‘1 Indomethacin 
Fibroblast proliferation 
(% change from media control) 
TGFB, TGWz TGFP, 
5 - 11.7 f 0.6 34.1 f 1.3 75.2 z?c 2.4 
+ 11.9 f 0.4 36.1 f 1.6 61.2 f 0.7 
160 - -31.3i3.2 - 36.9 f 4.6 -64.5fll.O 
+ 18.3 f 0.6 46.6 zk 1.2 58.0 f 1.3 
The authors acknowledge the support of the Arthritis and Rheumatism Council, the British Council and the 
Wellcome Trust. 
R.J. MCANULTY,N. A. HERNANDEZ-RODRIGUEZ, R. K. COKERAND G.J.LAURENT 
Division of Cardiopulmonary Biochemistry 
UCL Medical School 
The Rayne Institute 
London WCIE 6JJ, U.K. 
Asbestos fibres stimulate collagen production in mesotbelial cells by an indirect mechanism 
Following accumulation of asbestos fibres in the lung, many individuals develop significant interstitial and 
pleural fibrosis. The mechanisms involved are uncertain but asbestos may activate cells directly to synthesize 
and deposit collagen or may stimulate release of profibrotic cytokines by activated macrophages. The effect of 
asbestos fibres on net fibroblast collagen production remains unclear. There have been no studies in 
mesothelial cells. The aim of this study was therefore to determine the effect of asbestos on the rate of collagen 
production in mesothelial cells. Three potentially profibrotic cytokines were also examined to determine if 
collagen synthesis is cytokine-dependent in these cells. A primary mesothelial cell line (NM 20/l) was used to 
determine the effect of fibres (crocidolite and crysotile asbestos and a control mineral fibre) and optimal 
concentrations of the cytokines transforming growth factor beta 1 (TGF-/3,, 0.4 ~~-0.4 UM), tumour necrosis 
factor alpha (TNF-a, 5.7 ~~-2.9 nM) and platelet-derived growth factor AB (PDGF-AB, 3.7 ~~-1.85 nM) on 
collagen production in vitro. Collagen production was analysed using a HPLC method developed in this 
laboratory. Preliminary cytotoxicity studies demonstrated that the highest non-toxic fibre dose was 1Opg 
ml - i. Mesothelial cells cultured in control medium synthesized 1.52 f 0.09 nM procollagen/well (mean f SEM, 
n=5-6). No stimulation of collagen production was shown following incubation of cells with 1 and lO,~g 
ml-’ of all three fibre types. TGF-Pi significantly stimulated collagen production at 4, 40 and 400 PM with 
maximal stimulation at 400 PM (505 f 0.18 nMwelll’, P<O.Ol). PDGF-AB stimulated collagen production at 
1.85 nM (3.708 * 0.56 nMwelll i, P<O.Ol). TNF-a did not significantly stimulate collagen production above 
control medium. There was no significant change in the number of cellswelll i of confluent cells (4 x 10’ 
cellswell-‘) following incubation with any concentration of cytokine examined. The data presented in this 
study confirms that mesothelial cells synthesize collagen and demonstrates that the rate of synthesis is 
increased following exposure to cytokines in vitro, thus supporting a role for these cells in fibrosis. It appears 
unlikely that pleural fibrosis results from the direct effect of fibres on the mesothelium but may be due to 
stimulation of these cells by cytokines present in the inflammatory milieu. 
S. E. MUTSAERS*, P. T. L. KALKHOF*, R. J. MCANULTY*, M. NEMETHOVAT, 
G. LusEct, M. VERSNEL~ AND G. J. LAURENT* 
*Centre for Cardiopulmonary Biochemistry and Respiratory Research 
University College Medical School 
London, U. K., 
tDepartment of Paediatrics 
University of Vienna, Austria and 
$Department of Immunology 
Erasmus Universiteit 
Rotterdam, The Netherlands 
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Endothelin (ET) levels are increased in the lung during bleomycin-induced pulmonary 
fibrosis in rats 
The pathogenesis of pulmonary fibrosis is poorly understood but is thought to involve an influx of 
inflammatory and immune cells which, together with activated resident cells, release mediators to induce 
fibroblasts to proliferate and produce excess collagen. Endothelin-1 (ET-l) is a cytokine that demonstrates 
profibrotic properties in vitro. Previous studies demonstrated increased levels of ET-l in bronchoalveolar 
lavage fluid from patients with systemic sclerosis, with highest values observed in patients without overt 
symptoms of pulmonary fibrosis. Furthermore, the mitogenic activity of these fluids on human fibroblasts 
in vitro was almost halved following incubation with neutralizing antibodies and receptor antagonists to ET-l, 
suggesting that ET-l plays a role in pulmonary fibrosis. With the aim of examining the potential use of 
receptor antagonists to ET-l, we have begun to investigate the role of ET-l in an animal model. Bleomycin 
(1.5 mg kg - ’ body weight) was instilled into the lungs of 7-8-week-old Lewis rats, which were sacrificed 3, 7, 
14 and 21 days later. The lungs were perfused with PBS, weighed and snap frozen in liquid N,. Lung ET-l 
levels were measured by radioimmunoassay in control and bleomycin groups at each time point (expressed as 
mean f standard deviation, n = 6; see table). 
Days post-bleomycin Endothelin- 1 (ng lung - ‘) Collagen (mg lung - ‘) 
Day 3 Normal 
Bleomycin 
Day 7 Normal 
Bleomycin 
Day 14 Normal 
Bleomycin 
Day 21 Normal 
Bleomycin 
4.47 f 1.60 
9.40 zt 2.86 
3.99 zt 0.38 
16.57 zk 4.33 
6.62 f 0.77 
16.16 f 2.83 
7.81 f 4.24 
1557 f 3.20 
19.18f2.11 
17.14 f 3.68 
18.50 f 2.40 
22.88 f 3.59 
22.57 zk 1.89 
38.80 + 5.31 
21.32 xk 3.91 
38.08 + 7.71 
Total ET levels were significantly higher in the bleomycin-treated animals by 3 days (P<O.Ol). At 7 days, 
there was a four-fold increase in ET levels above controls (P<O.OOl). The values for bleomycin-treated 
animals remained constant up to 21 days. ET levels in control animals increased slightly with age but were 
always lower than treated animals. Lung collagen content of control and bleomycin-treated animals were 
determined by measuring hydroxyproline levels using HPLC. Total lung collagen was not significantly 
increased until 7 days post-treatment (see table; PcO.05) but by 14 days was double control values (P<O.OOl). 
These results demonstrate elevation of ET levels prior to an increase in collagen content which is consistent 
with the proposal that ET plays a role in the pathogenesis of pulmonary fibrosis. In future studies we will 
identify the source of the ET and use receptor antagonists to elucidate its role in the pathogenesis of 
pulmonary fibrosis. The authors acknowledge the support of the Medical Research Council and the Arthritis 
and Rheumatism Council. 
S. E. MUTSAERS, R. C. CHAMBERS,G. J. LAURENT AND R. J. MCANULTY 
Centre for Cardiopulmonary Biochemistry and Respiratory Medicine 
University College London Medical School 
London. U. K. 
Ambient ozone exposure and nasal lining fluid uric acid concentration in children 
Nasal epithelium is covered by a thin layer of nasal lining (NL) fluid which is rich in the antioxidant uric 
acid (UA). UA may be important in protecting the upper respiratory tract from oxidizing air pollutants such 
as ozone. The aim of this study was to determine if NL fluid UA concentration is influenced by ambient ozone 
levels. NL samples were collected from 44 primary school children (18M/26F) in Umkirch, Germany, between 
June and October 1991, the morning after episodes of high ( > 180 ,ug m - 3, 14 days) or low ozone (< 140 pg 
m- 3, 10 days) as reported by local broadcasting. Each child was lavaged between three and seven times 
(median: five lavages) and the ambient ozone concentration recorded from 3 p.m. the previous day. Aliquots 
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of NL were frozen at - 70°C prior to transfer to London where UA, ascorbic acid (AA) and protein 
measurements were made. AA was not detected in any NL sample. UA and protein were detected in al NL 
samples (UA median 12.29; range 2.67-28.69pM; protein median 0.21; range 0.01-0.89 mg ml-‘). No 
correlation between either UA or protein and ozone level was observed. 
6.00 , 
/ m Ozone x5x10-’ pg m3 
q Uric acid x 10-l p~ 
0 Protein mg ml-l 
These data suggest that uric acid levels in the upper airway epithelial lining fluid are independent of the 
ambient ozone concentration. However, it should be remembered that NL samples were obtained approxi- 
mately 20 h after the ozone episode, during which times nasal UA levels may have returned to normal. 
C. G. SAINSBURY*, T. M. FRISCHER?, J. KUEHR$, G. LUBEC~ AND F. J. KELLY* 
*Cardiovascular Research 
The Rayne Institute 
St Thomas’ Hospital 
London, U.K., 
t University Children’s Hospital 
Vienna, Austria and 
$ University Children’s Hospital 
Freiburg, Germany 
New methodological approach in quantification of cell type specific formation and repair of DNA 
adducts in respiratory tissue: model investigations in hamster and rat using alkylating chemical 
carcinogens 
Chemical carcinogens and various dusts have been identified as cancerogenic factors in the air we breathe. 
Previous studies in different animal species have shown that both the species and the test system (e.g. 
application modus) have great influence on the tumourigenic potency of the tested substances. Comparison of 
DNA adduct formation and repair at the cellular level in the target tissue in situ (histological sections) of the 
most distributed animal models may help understanding of species-specific differences in tumour formation, 
and may also help to select the most suitable test systems for risk assessment in humans. 
In a newly developed test system, lung and trachea tissues of Syrian hamster and Wistar rat were 
investigated for formation and repair of DNA adducts following alkylation with monofunctional alkylating 
agents (ENU, ethylnitrosourea; DEN, diethylnitrosamine). The metabolically activated (by ~450 monooxy- 
genases) DEN represents the class agents that are found in the environment. It was used for determination of 
metabolic active target cells. ENU, a well characterized direct acting model agent, was used for estimation of 
repair capacity. After in vivo pulse exposure, formation and elimination of the DNA adduct 06-ethylguanine 
(06-EtGua) was quantified in different cell types by a single cell immunofluorescence assay (ICA, Seiler et al., 
Carcinogenesis 1993; 9: 1907). In the trachea, the two species show no significant differences in metabolically 
active cells, but large differences in repair capacity of the most competent cells. In lung, they exhibit differences 
Abstracts 749 
in metabolically active cells, but no significant differences in repair capacity. These findings can be well 
correlated with ~450 activated agent induced tumour formation in rat and hamster. Furthermore experiments 
are in progress to determine species and cell type specific formation and repair of defined oxidative DNA 
lesions induced by various classes of dusts. 
F. SEILER, B. REHN AND J. BRUCH 
Institute of Hygiene and Occupational Medicine 
University of Essen 
Hufelandstraj?e 55 
45122 Essen, Germany 
Developments in the pathogenesis of fibrous dust pulmonary diseases and their prevention 
This study set out to investigate the mechanisms of fibrogenic dust action on organisms with a view to 
developing preventative measures. In the first, experimental stage, use was made of chemiluminescence to 
ascertain the effect of fibrous dust on blood cells (Velitchkovsky, Pulmonology 1995; 1: 616). In the second, 
clinical stage, an air purifying unit (POTOK 150M) was employed to eliminate dust from the rest rooms of 
workers in contact with fibrous dusts. The effects were studied in two groups of workers: group 1 were healthy 
individuals while group 2 were suffering from occupational lung disorders. The following results were 
obtained. Initial molecular mechanisms are based on prolonged formation of reactive oxygen species in lungs. 
Reactive oxygen species not only cause macrophage death, but stimulate the synthesis of interleukin 1 and 
other mediators regulating the growth of lymphocytes and fibroblasts. This damages the collagenic and elastic 
structure of the lung and in turn leads to the narrowing of the bronchi. In time breathlessness develops. These 
findings point to the need for the development of preventative measures. Observation of 83 workers in 
manufacturing conditions and 69 patients with early symptoms of dust-related lung disease showed a positive 
curative effect of the use of the purifying unit after 20-25 days. The improvement of the functional condition 
of the lungs and status of the immune system was also found. Bronchial irritability tests revealed that 
hyper-reactivity of the airways disappeared in the healthy workers. Further trials of the purifying unit are in 
progress. 
0. VASILYEVA, B. VELITCHKOVSKY, B. VOLODINA AND A. NAGOLKIN 
All Russian Institute of Pulmonology 
Moscow, Russia 
Epithelial cell detachment in vitro: synergy between elastase and tobacco smoke 
Pulmonary emphysema most often affects tobacco smokers and is believed to involve proteolytic tissue 
damage of the peripheral lung. In support of this, there are elevated levels of elastinolytic activity in 
bronchoalveolar lavage from tobacco smokers (Smith et al., Clin Sci 1985; 69: 17-27). We hypothesized that 
there would be an additive effect of neutrophil elastase (NE) and cigarette smoke on epithelial cell integrity 
in vitro. Rat alveolar epithelial type II cells were isolated using a modified method of Richards et al. (Lung 
1987; 165: 143-158) plated on to extracellular matrix and labelled with 51Cr at confluence (334 days). Smoke 
from one medium tar filterless cigarette was passed through 1 ml serum-free medium (SFM) to produce a 
100% cigarette smoke solution (CSS). Wells (n= >6 group ~ ‘) were exposed to 0, 5 or 25% CSS in SFM for 
1 h, the supernatant removed and replaced by SFM containing 0, 10 Or 40 pM NE for 1 h. The media from 
each exposure protocol were centrifuged to pellet detached cells; cells remaining adherent were solubilized 
with 0.2% Triton X-100 and all fractions then gamma-counted. The experiment was performed three times. 
Whereas CSS alone (0 PM NE) had no effect on cell detachment (i.e. there was 100% adherence prior to 
addition of NE), NE alone (0% CSS) caused cell detachment in a dose-dependent manner. Interestingly, 
although prior treatment with 5% CSS did not enhance NE-induced cell detachment, 25% CSS pre-treatment 
doubled the detachment of cells exposed to 10 pM of NE. Thus release of NE following cigarette 
smoke-induced neutrophil migration to the lung may act in synergy with critical concentrations of cigarette 
smoke to disrupt alveolar epithelial cell integrity. 
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Detached cells: % of original cell matt activity (means * SD) 
Cigarette smoke 
solution (%) 0 
Neutrophil elastase (PM) 
10 40 
0 3.1 f 2.0 20.7 i 9.2 43.9 f9.5 
5 4.4 f 2.5 22.5+ 13.35 44.7 f 6.3 
25 4.9 f 26 44.2 f 11.24 39.0+ 9.4 
I. R. WITHERDEN AND T. D. TETLEY 
Department of Medicine 
Charing Cross and Westminster Medical School 
London W6 8RF, U.K. 
Hyperoxia-induced pulmonary antioxidant enzyme (AOE) mRNA induction in premature 
guinea pigs 
We have previously reported that hyperoxic exposure (95% 0,) of preterm guinea pigs leads to a significant 
increase in AOE (copper-zinc and manganese superoxide dismutase: CuZnSOD, MnSOD; catalase: CAT; 
glutathione peroxidase: GPx) activity levels. Similar responses occur in term neonatal animals and are believed 
to represent a protective response to oxidative stress. In the present study, we have addressed the molecular 
basis of this adaptive response by cloning guinea pig AOE cDNA probes and investigating the response of 
pulmonary AOE mRNAs to hyperoxic stress. Three-day preterm guinea pigs (65 days gestation, term 68 days) 
were randomly exposed to either 21% 0, (control) or 95% 0, (hyperoxia) for 72 h. The pups were then 
maintained in ambient conditions for up to a further 4 days. Groups of pups were sacrificed at 1,2, 3, 5, 7 days 
following premature delivery. Total RNA was prepared from lung and AOE mRNA levels were determined 
by slot blotting. CuZnSOD mRNA expression was not influenced by hyperoxic exposure. A significant 
increase in pulmonary MnSOD mRNA levels was found at 24 h compared with controls (BO.05). CAT 
mRNA expression was significantly enhanced by hyperoxia at 24 and 72 h (PcO.05). GPx mRNA expression 
was upregulated following 24, 48 and 72 h in hyperoxia. Following the return of the pups to normal oxygen 
level, AOE mRNAs were no longer elevated above control values. These results mirror the changes we have 
previously reported in AOE activity levels in this model, but preceed them by a number of days. This suggests 
that the changes seen in AOE activity levels are, at least in part, regulated at the pre-translational level. We 
are currently investigating the early molecular changes seen in this system. 
H. T. YUAN*, C. D. BINGLE~ AND F. J. KELLY* 
Cardiovascular Research 
The Rayne Institute 
St Thomas’ Hospital 
London EC1 7EH and 
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Medical College of St Bartholomew’s Hospital 
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